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Spectra were obtained, from sev e r a l sou rces fo r  a f in e  
abundance a n a ly s is  o f  th e extreme h e liu m -r ich  s ta r  ED'168476i 
The atm ospheric param eters are found u s in g  th e o r e t ic a l  models 
and abundances determ ined fo r  th e  io n s  id e n t i f ie d  in  th e  spectra#
The s ta r  i s  found to  have an e f f e c t iv e  tem perature o f  14000^K, ^
lo g (su r fa c e  g r a v ity ) o f  1#5 and a m icroturbulent v e lo c i t y  o f  
10 km /s. Over 1400 l in e s  are id e n t i f i e d  on th e sp ec tra  ranging  
in  w avelength from 3100A to  4925A and 5490A to  6585A, and about 
530 l in e s  are s u ita b le  fo r  th e  abundance a n a ly s is .  I t  i s  
confirm ed th a t helium , carbon, n itro g en  and neon are overabundant, |
w ith  hydrogen and oxygen underabundant.
An u l t r a v io le t  spectrum o f  th e  s ta r  i s  a lso  ob ta in ed  and 
l in e s  id e n t i f i e d .  In a d d itio n  to  the io n s  found in  th e v i s i b l e  î;
reg ion  o f  th e spectrum , n e u tr a l ion s are a ls o  p r e se n t , 
in d ic a t in g  th e p o s s i b i l i t y  o f  a co o l o u ter  s h e l l  to  the s ta r .
Photom etric and sp e c tro sco p ic  o b serv a tio n s are made to  study th e  |
l ig h t  and r a d ia l v e lo c i t y  o f  th e  s ta r ,  to  determ ine i f  i t  i s  v
v a r ia b le . S t a t i s t i c a l  t e s t s  showed th a t th e  s ta r  i s  v a r ia b le  in  
i t s  V m agnitude, and most probably in  i t s  c o lo u r s , as w e ll as 
b ein g  v a r ia b le  in  i t s  r a d ia l v e lo c i t y .  No p er iod  i s  found and 
i t  i s  su sp ected  th a t th e  v a r ia b i l i t y  may be com plex. Several 
th e o r ie s  fo r  the cau ses o f  th e v a r ia b i l i t y  are d isc u sse d  and a 
p o s s ib le  o r ig in  fo r  th e extreme h e liu m -r ich  nature o f  l^he s ta r  
m entioned.
'.I- ; I ■ ■ i /. ■
Acknowledgements
I
r  am ind eb ted  to  my su p e r v iso r , Dr. P. VT* M i l ,  fo r  h is  
gu id ance, h elp  and d is c u s s io n s  a t a l l  s ta g e s  o f  my wol»k. I  am- 
extrem ely  g r a te fu l to  P r o f. K.. Hunger fo r  h is  a s s is ta n c e  and to  
P ro f. D, W. N#. S tib b s  fo r  a l l  h is  h e lp , e s p e c ia l ly  w ith  th e  
s t a t i s t i c a l  a n a ly s is  o f  th e  o b se rv a tio n s . I  am most g r a te fu l to  
Dr. D). S'chOnbemer fo r  h is  h e lp  w ith  th e  s t e l l a r  models needed fo r  
t h i s  p r o je c t .  I am a ls o  g r a te fu l to  Dr. D. K ilkenny and Dr. A. B. 
L'ynas-Gray fo r  a l l  th e  h e lp  and advice th ey  have g iven  me, and 
fo r  th e  comments made on th e d r a ft  o f  t h i s  t h e s i s .  My thanks a lso  
go to  Dr. J . P . Kaufmann and Dr. B. W* H ild itc h  fo r  t h e ir  a s s is ta n c e ,  
to  th e  s t a f f  and resea rch  stu d en ts  o f  th e  U n iv e r s ity  O bservatory o f  
S t .  Andrews, th e  computing la b o ra to ry  s t a f f ,  S t . Andrews, th e  s t a f f  
o f  S.A .A .O . ( e s p e c ia l ly  tïr. R. C atchpole, Dr. W. M artin ), R.G.O., 
A.A.O. ( e s p e c ia l ly  Dr. L ouise W ebster), th e  s t a f f  o f  th e  I n s t i t u t  
fü r  A strop h ysik , T echnische U n iv e r s ita t , West B er lin  and I n s t i t u t  
ftlr  T h eoretisch e  P h ysik , Neue U n iv e r s ita t  K ie l, and the s t a f f  o f  
E .S .A . V illa fr a n c a  s a t e l l i t e  tr a c k in g  s ta t io n  ( e s p e c ia l ly  Dr. D. J . 
S tick la n d  and Dr. X, C la v e l) .
I  would l ik e  to  acknowledge th e Panel fo r  th e A llo c a tio n  o f  
T elescop e Time and th e  S cien ce  Research C ouncil fo r  th e f in a n c ia l  
supp ort, t r a v e l l in g  expenses and su b s is te n c e , and th e  a l lo c a t io n s  









This t h e s i s  was p a r t ly  based on o b serv a tio n s by th e In te r n a tio n a l  
U ltr a v io le t  E xplorer c o l le c t e d  a t th e  V illa fr a n c a  s a t e l l i t e  
tr a c k in g  s ta t io n  o f  E .S .A .a
CONTENTS
1 In trod u ction
1 .1  H istory
1 .1 a  E arly  work up to  I960  
1.1b- Coarse a n a ly se s  1954 -  1970 
1 .1 c  F ine a n a ly se s  1967 -  1978 
l . l d  V a r ia b il i t y
l . l e  U ltr a v io le t  o b serv a tio n s  1978
1 .2  Gfëneral p r o p e r tie s  and o u tstan d in g  problems
1 .2 a  General p r o p e r tie s  
1.2b  Evolution:.
1 .2 c  Problems
1 .3  S p ec tr o sco p ic  and photom etric o b serv a tio n s  o f  
HD. 168476
2 Photometry
2 .1  Int ro duct i  on
2 .2  O bservations
2 .3  Technique
2 .4  R eductions
2 .4 a  1976 July  data  
2 .4b  1977 June data  
2 .4 c  1978 June data
2 .5  R esu lts
2 .6  D iscu ss io n
3 R adial v e lo c i t y  study
3 .1  In trod u ction
3 .2  O bservations

























3*4 R esu lts
3*4a Standard s ta r s  
3 .4b  m  168476
3 .5  D iscu ss io n
4 The u l t r a v io le t  spectrum  
4*1 O bservations  
4*2 R ésu lta
5^  E quivalen t w idths from th e v i s i b l e  spectrum
5 .1  In trod u ction  
5*2 MT sp e c tra
5 .3  ESO and R a d c lif fe  Coudé sp ectra  
5..3a ESC 
5 . 3b R a d c liffe
5*3o E stim ate o f  e rro rs  in  th e  eq u iv a len t w idths  
from ESO and R a d c lif fe  sp ec tra  
5*4 R esu lts  
5*5 D iscu ss io n  
6 Atmospheric model and abundance a n a ly s is
6 .1  Theory o f  Hunger/Van Blerkom model
6 .2  Fine a n a ly s is  -  In tro d u ctio n
6 .3  N I I  l in e s  -  m icroturbu len t v e lo c i t y
6*4 He I  l in e s  -  e f f e c t iv e  tem perature and su rfa ce  
g r a v ity
6 .5  Io n is a t io n  eq u ilib r iu m  — e f f e c t iv e  tem perature 
and su rface  g r a v ity
6 . 5a S Il/S III 
6 . 5b Si Il/Si III
6 .6  C I I  l in e s  -  carbon abundance and r o ta t io n a l  
v e lo c i t y
























6*7 R esu lts
6 .8  The abundance determ in ation  
7 D iscu ss io n  and co n c lu s io n s
7 .1  V a r ia b il i t y
7 .2  D istan ce  and space motion
7 .3  E vo lu tion
7 .4  S u ggestion s fo r  fu tu re  work 
R eferences
J .,.c. Z-'s'' )' < •=










1 .1  L is t  o f  h e liu m -r ich  s ta r s  Page ?
2 .1  S t e l la r  l in e s  a f f e c t in g  StrtJmgren magnitudes 1?
2 .2  A llo c a tio n  o f  te le s c o p e  tim e fo r  photom etric work 18
2 .3  V alues used fo r  s c a le  f a c to r ,  e x t in c t io n  and co lo u r  29 
term
2 .4  Zero p o in ts  determ ined from standard s t a r s ,  o b serv a tio n s  29 
and means o f  programme s ta r s
2 .5  D if f e r e n t ia l  *b)* m agnitudes 31
2 .6  Contingency ta b le  fo r  photom etric groups 244 2972 -  34 I
2980 and 244 3299 -  3665
2 .7  Contingency ta b le  fo r  photom etric groups 244 2972 -  35^
74 , 244 2979 -  80
2 .8  Magnitudes and co lo u rs  o f  h e liu m -r ich  s ta r s  40
3 .1  R adial v e lo c i t y  standards used 46)
3 .2  Observing tim e used  fo r  r a d ia l v e lo c i t y  work 46
3 .3  R adial v e l o c i t i e s  o f  standard s ta r s  5 i
3 .4  S p ec tra l l in e  w avelengths fo r  HD I 68476 used in  th e  53 
r a d ia l v e lo c i t y  determ in ation
3 .5  Mean r a d ia l v e l o c i t i e s  fo r  HD I 68476 ( a l l  a v a ila b le  54 
l in e s )
3 .6  OOmmon r a d ia l v e l o c i t i e s  measured by Kilkenny and 55 
H il l
3 .7  R adial v e l o c i t i e s  up to  I 964 measured by H il l  55
3 .8  Mean r a d ia l v e l o c i t i e s  from 10 or 13 l i n e s ,  by n ig h t 56.'
3 .9  Mean r a d ia l v e l o c i t i e s  from 10 or 13 l i n e s ,  by l in e  57
3 .1 0  Standard d e v ia t io n s  and degrees o f  freedom fo r  r a d ia l 60
v e l o c i t i e s  by year
\
(v )
T ables (c o n t•)
3 .11  Contingency ta b le  fo r  groups 243 4195 -  243 7185, Page 62
243 7505 -  243 8625, 244 1117 -  244 3304
3 .12  Contingency ta b le  fo r  groups 244 1117 -  244 2975, 62
244 3299 -  244 3304
3 .1 3  Contingency ta b le  fo r  groups 244 3299 -  302, 303 -  62
304
3 .1 4  Contingency ta b le  fo r  groups 244 3299 -  302, 303 -  63
304; u s in g  s e t  o f  common 13 l in e s
3 .15  Contingency ta b le  fo r  groups o f  r a d ia l v e l o c i t i e s  63
from 13 l i n e s ,  r a d ia l v e l o c i t i e s  from a l l  l in e s
3 .1 6  R adial v e l o c i t i e s  determ ined fo r  HD I 2O64O 66:
3 .1 7  Contingency ta b le s  fo r  d ata  from HD I 2O64O and HD 66;
168476 J
4 .1  U ltr a v io le t  w avelengths o f  He I  70
4 .2  U ltr a v io le t  ab sorp tion  l in e  w avelengths 72 t
4 .3  I n t e r s t e l la r  column d e n s i t ie s  d er ived  from u l t r a v io le t  85
l in e s I5*1 ESO Coudé sp e c tra  used  90 g
5 .2  R a d c liffe  Coudé sp ec tra  used 91
5 .3  Baker r e la t io n s  found fo r  DZ 332, DZ 336, DZ 341 & DZ 49 95 3
5*4 E rrors in  eq u iv a len t w idth fo r  R a d c liffe  and ESO sp ec tra  100
5 .5  A bsorption l in e  w avelengths and eq u iv a len t w idths 103
5 .6  L ines d isp la y ed  in  f ig u r e  5*13 139
6 .1  D eterm ination o f  m icroturbulent v e lo c i t y  from H I I  149 
l in e s  from lo g  n
6 .2  Abundances determ ined from S II  and S I I I  l in e s  157
6 .3  Abundances determ ined from S i I I  and S i I I I  l in e s  I 60 I
â
(y i>
T ables (cont «)
6 .4  Abundances determ ined from C I I  l in e s  Page 160
6*5 Abundances determ ined fo r  HD I 68476 166)
6 .6  C entral depth o f  l in e s  from a l l  a v a ila b le  sp ec tra  168
7 .1  Data fo r  HD I 68476 176
7 .2  Abundances fo r  extreme h e liu m -r ich  s ta r s  and r e la te d  179
o b je c ts
( v i i )
F igu res
1 .1  Log -  lo g  g diagram fo r  h e liu m -r ich  s ta r s
2 .1  D r if t  curve fo r  W -  Good n ig h t
2 .2  D r if t  curve fo r  V -  Poor n ig h t
2 .3  Colour terms fo r  1976.'
2 .4  Colour term s fo r  1977
2 .5  Colour terms fo r  1978
2 .6  W magnitudes o f  HD 168476 I 96O -  1978
2 .7  V magnitudes or d i f f e r e n t ia l  b magnitudes fo r
ob serv in g  runs o f  s e v e r a l n ig h ts
2 .8  (b -y ) -  m^  diagram
2 .9  (b -y ) -  c^ diagram
3 .1  R adial v e lo c i t y  o s c i l lo s c o p e  measuring machine
3 .2  R adial v e lo c i t y  measurements o f  HD 168476
5 .1  Sketch o f  VDU showing data  windows A and B 
5*2 If D curve fo r  DZ 49
5 .3  H^ -  D curve fo r  DZ 135
5 .4  Baker r e la t io n  fo r  DZ 332
5 .5  Baker r e la t io n  fo r  DZ 336
5 .6  Baker r e la t io n  fo r  DZ 341 ■
5 .7  Baker r e la t io n  fo r  DZ 49
5 .8  Error in  eq u iv a len t w idth fo r  R a d c liffe  & ESO sp ectra
5 .9  Mean eq u iv a len t w idth a g a in st H il l  Coudé
5 .1 0  R a d c liffe  (p lan im eter) a g a in st H i l l  Coudé
5 .1 1  R a d c liffe  (p lan im eter) a g a in st (computed)
5 .12  ESO (p lan im eter) a g a in st R a d c liffe
5 .1 3  Line v a r ia t io n  in  AAT sp ec tra































F igu res (c o n t•)
6 .2  447IA (BSO) w ith  t h e o r e t ic a l  p r o f i l e s  a t 13000°%
6 .3  447IA (ESO)' w ith  t h e o r e t ic a l  p r o f i l e s  a t 13500*^^
6 .4  447IA (ESO) w ith  t h e o r e t ic a l  p r o f i l e s  a t 14000°%
6 .5  447IA (AATO w ith  t h e o r e t ic a l  p r o f i l e s  a t 14000°%
6 .6  447IA (R a d c lif fe )  w ith  t h e o r e t ic a l  p r o f i l e s  a t
14000°%
6 .7  8 Il/s III io n is a t io n  e q u i l ib r ia
6 .8  S i I l / S i  I I I  io n is a t io n  e q u i l ib r ia
6 .9  -  lo g  g diagram fo r  f in a l  model
6.10' Curve o f  growth fo r  T i I I
6 .11  Curve o f  growth fo r  8- I I I
6 .1 2  lo è  Hq a g a in st w avelength
6 .1 3  M odified curve o f  growth fo r  Ti I I
6 .1 4  M odified curve o f  growth fo r  S I I I
7 .1  V a r ia tio n s  in  r a d ia l v e lo c i t y  & magnitude
7*2 V a r ia tio n s  in  r a d ia l v e lo c i t y  & magnitude in  1976
7 .3  Log T^^^ -  lo g  g diagram



















1 .1  H istory  
1 .1 a  E arly  work up to  I 96O
P la sk e tt  ( 1927) found th a t  th e  spectrum o f  S a g i t t a r i i ,  a 
c lo s e  b in ary  s t a r ,  was b e s t  d escr ib ed  as a s tr o n g  helium  
ab sorp tion  l in e  spectrum superim posed on a m e ta ll ic  ab sorp tion  
l in e  spectrum . Popper (1942) d isco v ered  th e  f i r s t  extreme h eliu m -  
r ic h  s ta r  HD 124448 which he in v e s t ig a te d  fu r th er  in  1946-7* Hb 
found th a t th e  l in e s  o r ig in a l ly  a ttr ib u te d  to  hydrogen were due to  
n e u tra l helium  and th a t th ere  were no l in e s  o f  hydrogen v i s i b l e  in  
th e  spectrum . As w e ll  as stro n g  l in e s  o f  helium  he found stro n g  
l in e s  due to  carbon and n itr o g e n , w ith  weak oxygen l i n e s .  T his |
d isco v ery  in s t i t u t e d  a search  by Thackeray & W esselink (1952) fo r  
s ta r s  w ith  s im ila r  p r o p e r t ie s .  The c r i t e r ia  used  were th a t th e  |
s ta r s  should  be o f  s p e c tr a l type B, f a in te r  than a magnitude o f  
7*5 aud w ith  a g a la c t ic  la t i t u d e  b ^ 1 0 ° . They rep orted  th a t th e  
f i r s t  o f  th e e ig h t  s u ita b le  s ta r s  chosen , HD' I 68476, had been  
found to  have s tro n g  l in e s  due to  helium  and no l in e s  due to  
hydrogen in  i t s  spectrum* I t  was very  s im ila r  to  HD 124448, 
although s l i g h t l y  c o o le r , and both  s ta r s  had h igh  r a d ia l v e l o c i t i e s .  
Although th e search  was extended to  a fu r th e r  f i f t e e n  s ta r s  no more 
h eliu m -r ich  s ta r s  were found. In th e same year as the d isco v ery  
. o f  HD 168476, Bidelman (1952) found th a t HD' I 6O64I had helium  
l in e s  dom inating i t s  spectrum and no l in e s  due to  hydrogen p r e se n t . 
Thackeray (1954) gave a l i s t  o f  206 sp e c tr a l l in e s  fo r  HD: 168476 
in  th e  reg io n  3700A to  67OOA.  ^ No hydrogen or oxygen l in e s  were 
found, but stro n g  l in e s  due to  He I ,  G I I ,  and Ne I  were p r e se n t .
The f i r s t  subdwarf to  be found overabundant in  helium  (Gould e t
Î
2
a l . ,  195î )  was BD+75^325, which had l in e s  o f  io n ise d  helium  
dom inating th e  spectrum . A member o f  a m u ltip le  system , 4  O ri. E, 
q u ite  a d is ta n ce  away from th e  cen tre  o f  th e group, was d isco v ered  
by G reenstein  & W a lle r ste in  (1958) to  have v ery  stro n g  n eu tra l 
helium  l i n e s ,  to g e th e r  w ith  hydrogen l i n e s ,  and t h i s  s ta r  i s  o fte n  
regarded as a prototyp e o f  th e  in term ed iate  h e liu m -r ich  s t a r s .
One c f  th e  b r ig h te s t  in term ed ia te  h e liu m -r ich  s ta r s  ED' 96446 was 
d isco v ered  a y ear  la t e r  by JTaschelc & Jaschek (1959) « 4
1 .1b  GOarse a n a ly ses  1954 -  1970
A lle r  ( 1954) used  th e tech n iq u e o f  UnsOld to  do a coarse  
a n a ly s is  o f  HD I 6O64I  and found abundances fo r  helium , carbon, 1
n itr o g e n , oxygen, neon, magnesium and s i l i c o n .  He found th a t helium^ 
carbon, n itro g en  and neon were overabundant w ith  r e sp e c t to  oxygen. 
Klemola ( 1961) an a lysed  BD+10°2179 and gave th e  w avelengths o f  116  
l in e s  between 3258A and 4713A. He found th e Balmer s e r ie s  were 
weak, w ith  oxygen and neon l in e s  a b sen t. Klemola gave abundances 
fo r  hydrogen, helium , carbon, n itro g e n , magnesium, aluminium,
calcium  and s i l i c o n ,  w ith  a maximum p o s s ib le  abundance fo r  oxygen.
2 3Hydrogen was underabundant by a fa c to r  o f  10 to  10 and the  
carbon and n itro g en  abundances were norm al. HB 124448 and HD 168476; 
were an alysed  in  d e t a i l  by H il l  ( 1965) .  He determ ined abundances 
fo r  16 elem ents in  HD 124448 and 17 elem ents in  HD I68476y and J
gave a maximum abundance fo r  hydrogen and oxygen in  both s t a r s ,  
determ ined by th e  la c k  o f  t h e ir  l in e s  v i s i b l e  in  th e  spectrum .
H il l  found th e  s ta r s  were overabundant in  helium , carbon, n itro g en  
and p o s s ib ly  neon. He a ls o  su sp ected  th a t the iro n  peak elem ents  
in  HD 168476 might be overabundant or formed in  a co o l ou ter  s h e l l .
H il l  ( 1970) gave an abundance fo r  oxygen, determ ined in  HD 168476 |
from th e 0 I  t r i p l e t  a t 7771 -  5' A. This confirm ed th a t oxygen 
was underabundant. in  HD) 168476.
1 .1 c  Fine a n a ly ses  1967 -  1978
Htinger & Fan Blerkom {1967) computed a model atmosphere fo r  a 
pure helium  s t a r ,  to  be used  fo r  BB+10°2179* (F"or fu r th e r  d e t a i l s  
-O f  th e  techn iq ue see  s e c t io n  6 .1 . )  The techn iq ue o f  f in e  a n a ly s is  
was f i r s t  a p p lied  to  BD+10°2179 by Hunger & K $lnglesm ith ((I969)*
The same type o f  a n a ly s is  was a p p lied  to  se v e r a l o th er  s t a r s ,  
namely th e  in term ed ia te  h e liu m -r ich  s ta r ,  6  O ri. E (H)' 374T9), 
an alysed  by KLinglesmithi e t  a l .  ( l9 7 0 ) ,  HD 144941 by Hhnger &
Kaufmann (1973) and o th ers  ( s e e  n o tes  to  ta b le  1 .1  ) .  SchOnbemer'
& Wolf ( 1974) performed a f in e  a n a ly s is  upon HD 124448. They a lso  
did  a d i f f e r e n t ia l  a n a ly s is  o f  HD 168476 r e la t iv e  to  HD 12444® 
u s in g  H i l l ’s ( 1964) eq u iv a len t w id th s . BD^9°4395 has a lso  been 
an alysed  by Kaufmann & SchOnbemer (1977) u s in g  th e techniq ue o f  
f in e  a n a ly s is .
l . l d  V a r ia b il i ty
Thackeray (1954)' su sp ected  th a t HD I 68476 might have l in e s  th a t  
v a r ied  s l i g h t l y  in  in t e n s i t y  w ith  a p eriod  o f  l e s s  than a day. ,4
He f e l t  th a t a lth ough  th ere  was a large  s c a t te r  in  th e measurements, 
th e r a d ia l v e lo c i t y  was c o n s ta n t. H il l  ( 1964) su sp ected  th a t th e  
r a d ia l v e lo c i t y  o f  HD 168476 might be v a r ia b le . H i l l  ( 1969a) 
rep orted  th a t th e magnitude o f  HD 168476 and HD I 6O64I was v a r ia b le , |
w h ils t  th a t o f  HD 12444® was c o n sta n t, and th ere  were no v a r ia t io n s  
in  c o lo u r . Landolt (1973) made p h o to e le c tr ic  UBV o b serv a tio n s o f  
sev e r a l in term ed iate  and extreme h e liu m -r ich  s t a r s .  He found th a t  
HD 264111, BD+37^442 and HD I 68476 were not v a r ia b le  (a lthough he
noted  th ere  were on ly  s ix  o b serv a tio n s made o f  HD 168476) .
Landolt found th a t BD+10°2179, HD 12444®, BD+13°3224 and HD I 6O64I  
were v a r ia b le  in  th e  ¥  magnitude* He su sp ected  th a t th ere  might 
be a se c u la r  b r ig h ten in g  in  HD 168476  from a comparison o f  h is  
o b serv a tio n s w ith  th o se  o f  H ill. ( 1969a ) .  Landolt ( l9 7 5 )  gave a 
p eriod  o f  0 .1  day; fo r  BD?fl3°3224 w ith  an am plitude in  F o f  0 .1  
m ag.. Hfe found th a t  th e  co lo u rs  o f  BD+13°3224 a lso  v a r ie d .
Landolt ( l9 7 5 ) a ls o  su sp ected  th a t HD: 16064I might have a p er iod  
o f  about 0 .6  day*
I t  was su sp ected  by Gbugh (Trim ble, 1972) th a t hot h e liu m -r ich  
s ta r s  would be in  an in s t a b i l i t y  s t r ip .  The c a lc u la t io n s  were 
made m ainly fo r  R GrB s t a r s ,  and th us at low er tem peratures than a
req u ired  fo r  th e extreme h e liu m -r ich  s t a r s .  I t  appeared th a t th ere  
would be an i n s t a b i l i t y  reg io n  s ta r t in g  at around T  ^ = 7®50°K fo r  
Z =: 0 . 0 3 . Lower m etal abundances would b r in g  th e s ta r t  o f  the  
reg io n  to  h igh er  tem p eratu res. Wood (1976) found ( in  agreement 
w ith  Gough): th a t th e  fundam ental mode o f  r a d ia l p u lsa t io n s  was 
u n sta b le  below 75®®^K. He a ls o  found th a t a reg io n  o f  overtone  
i n s t a b i l i t y  occurred between 8500°% and 13000°% depending upon 
Ii/M. There was a ls o  a tendency fo r  overtone i n s t a b i l i t y  to  occur  
around 16000°%. HD 12444®, BD+10°2179, HD I 6O64I and BD+13°3224 
are a l l  v ery  c lo s e  to  or h o t te r  than 16000°% and HD I 68476 has a 
tem perature very  c lo s e  to  th e  low er boundary at 13000°%.
l . l e  U ltr a v io le t  o b serv a tio n s  197®
Snow & Linsky (1979) noted  th a t u l t r a v io le t  sp ectroscop y  would 
be v a lu a b le  fo r  determ ining the ou ter  la y e r s  o f  a s t e l l a r  
atm osphere. SchOnbemer & Hunger (l97® ) d isc u sse d  o b serv a tio n s  
o f  BD-9^4395 and BD+10°2179 made w ith  the In te r n a tio n a l
’’i:' ' - 1" . r - Î. -, !ï -• .r .à"’..'...-, .il». "Iii.:-;
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U ltr a v io le t  E xplorer s a t e l l i t e .  They found no em ission  l in e s  in  
th e  sp ec tra  and th ere  was no ev idence o f  mass l o s s .  P r o f i le s  
were f i t t e d  to  s i l i c o n  and carbon l in e s  and a model w ith  the  
number fr a c t io n  o f  carbon (n^) as 0 .01  was used fo r  both s t a r s .
1 .2  General p r o p e r tie s  and o u tsta n d in g  problems
1 .2 a  General p r o p e r tie s
The extreme h e liu m -r ich  s t a r s ,  or extreme helium  s t a r s ,  
u s u a lly  have s p e c tr a l type B or 0 and norm ally have no l in e s  or 
very  fa in t  l in e s  o f  hydrogen v i s i b l e  in  t h e ir  sp e c tr a . For 
convenience a l im it  i s  put upon th e  r a t io  o f  hydrogen to  helium , 
exp ressed  by number as ^ 0 ,1  (Hunger, 1975)* The
in term ed ia te  h e liu m -r ich  s ta r s  (s p e c tr a l type B ) have more 
hydrogen than t h i s ,  u s u a lly  approxim ately equal numbers o f  
hydrogen and helium  atom s, a lthough some may have on ly  a m arginal ^
overabundance o f  helium . There are a lso  h e liu m -r ich  subdwarfs 
( s p e c tr a l  type O) which again  u s u a lly  co n ta in  equal numbers o f  
hydrogen and helium  atom s. Often in clu d ed  w ith  th ese  th ree  groups 
o f  h e liu m -r ich  s ta r s  i s  another group, th e  h e liu m -r ich  c lo se  
b in a r ie s  which, i f  h o t , have stro n g  helium  l in e s  in  t h e ir  sp ec tra  $
due to  th e  overabundance o f  t h i s  elem ent (Hack, I 967)* In t h i s  
case th e overabundance o f  helium  i s  presumed to  be th e r e s u lt  o f  
mass exchange in  th e  system .
Table 1 .1  shows the known extreme and in term ed iate  h e liu m -r ich  
s t a r s ,  and th e h e liu m -r ich  subdwarfs and c lo s e  b in a r ie s ,  arranged  
in  order o f  r ig h t  a sce n s io n . The g a la c t ic  la t i t u d e ,  apparent 
v is u a l  magnitude, a b so lu te  magnitude and helium  abundance w ith  any 
known abundance a n a ly s is  are shown. Johnson co lo u rs  fo r  th e  s t a r s ,  
g a la c t ic  lo n g itu d e , proper m otions and some o th er  d e t a i l s  are
a v a ila b le  from Hunger (31975), or fo r  th e  c lo s e  b in a r ie s ,  from 
Hack (1967) .
TWo s ta r s  were o r ig in a l ly  thought to  be in term ed ia te  heliu m - 
r ic h  s ta r s  but abundance a n a ly se s  showed t h e ir  tru e n a tu re .
ED;135485, i t  was d isc o v er e d , had been an alysed  r e la t iv e  to  a 
s ta r  d e f ic ie n t  in  helium , and i s  now known to  have a normal helium  
abundance (SbhtSnbemer, 1973; Baschek, 1973)* but Hunger (1975) 
su gg ested  th a t due to  th e  overabundance in  m etals i t  may be the  
f i r s t  o b jec t o f  a new c la ss#  HD I 2O64O has r e c e n t ly  been found to  
be a normal B s ta r  by Detz (1977)* BD+13^3224 i s  su sp ected  o f
b e in g  an extreme h e liu m -r ich  s t a r ,  not a subdwarf, s in c e  i t  may 
have a low g r a v ity  (se e  ch ap ter 7 ) ,  and i t  has a continuum s im ila r  
to  HD I 6O64I (.Rosendhal & Schm idt, 1 9 7 3 ). BD+37°197T has been
su sp ected  o f  b e in g  a subdwarf by W olff e t  a l#  (1974)* MF' Sgr* and 
¥34® Sgr# are a ls o  c la s s e d  as R CrB s ta r s  ( e .g .  Warner, I 96.7 ) .
D r i l l in g  (1973 , 197®) rep orted  th a t SS 337® and ESII+33^5 were 
extreme h e liu m -r ich  s ta r s .'  ESII i s  the ’Luminous S ta rs  in  the  
Northern Milky Way I I ’ ca ta lo g u e  (S tock , Nassau & Stephenson, I 96O), 
and SS i s  th e ’Luminous S ta rs  in  th e Southern Milky Way’ ca ta logu e  
(Stephenson & Sanduleak, 1 9 7 1 ). In a d d itio n  D r i l l in g  (1979) 
reported, th a t BD+1°43®1 and LSIV-14°109 were extreme h e liu m -rich  
s ta r s  o f  s p e c tr a l typ e A. LSIF i s  th e ’Luminous S tars in  the  
Northern Milky Way IV^ * ca ta lo g u e  (Nassau & Stephenson, 1 9 6 3 ).
% ble 1 .1  L is t  o f  h e liu m -r ich  s ta r s
BD+37°442 01 56 +38 19 -2 2 - 156) 1 0 .0 —2
BD^37 1977 09 21 +36 56 +44 -59' 9 .0 0
BD+10°2179 10 36 +10 19 +56 +155 1 0 .0 1 .6 0 .9 7  1 ,2HB 124448 14 12 -4 6 03 +14 -6 8 1 0 .0 -3 0 .9 9  2 ,3SS 3378 
BB-9 4395
15 35 -4 8 26 +06 -1 10 .5 - 1 .5  or -416 27 -0 9 13 +26 1 0 .6 0.99- 4HE' I 6O64I 17 39 -1 7 53 +08 +100 9 .8 —3 0 .9 9  2BD-1°3438 18 01 -0 1 01 +10 1 0 .4 0 . 99»
HD 168476 18 19 -5 6 39 -1 9 -171 9 .3 -1  to  -2 0 .9 9  2 ,3¥348 Sgr. 18 37 -22 59 +11 +174 1 1 .8 ’->>16.5MW Sgr. 18 42 -2 1 00 -1 0 -6 8 1 2 . 7 -^1 5 .0 —1 .6  to  +2LSIW-14 109 18 57 -1 4 30 -0 8 11 .2
LSII+33°5 19 43 +33 51 +05 1 0 .4BD>M°4381 20 49 +02 08 -2 5 9 .6
Interm ediate h e liu m -r ich  s ta r s
ED 37479 05 36 -0 2 37 -1 7 +27 6 .7 —2 .2 0 .4 5m  37776 05 38 —01 32 —16 +29 7 .0HDE: 260858 06 35 +12 49 +02 9 .0HD 264111 06 45 +04 43 +01 h ig h 9 .6 0 . 5*HD 60344 07 31 -2 3 50 —02 +30 7 .8 —1 .4 0 .4 6HD' 64740 07 52 -4 9 29 -11 4 .6 0 . 4*CPD-4 6  3093 08 48 -4 6 40 -0 2 1 0 .0 0 .3 *HD 93030 10 41 —64 08 -05 +24 2 .8HD 96446 11 04 -5 9 41 00 -12 6 .7 - 1 .9 0 .5 7HD 133518 15 03 -5 1 50 +05 . -5 6 .4 0 .55 8HD) 144941 CPD-6 9  2698
16 06 -2 7 08 +18 -52 10 .1 —1 .8 0 .9 4  9 ,1 0
17 07 -7 0 02 -1 8 -65 9 .3 —1 .8 0 .3 10HD' 168785 18 20 -3 0 10 -0 7 +5 8 .5 - 1 .7 0 .4 5 9HD 184927 19 34 +31 10 +05 7 .7 - 3 .2 0 .5 11HD 186205 19 40 +09 05 00 8 .7 0 .4 12BD+39°4926 22 44 +39 51 -1 7 - 17, - 47 9 .2 -3 0 .6 13
■
S tar B.A. ( l 9 5 0 ) D e c h  r v  m M" n(He) Anal J
  " h T l n  °  ^  k iü /g  -  -  --------
Extreme h e liu m -r ich  s ta r s
■ -1.U I*'':: " ' i j .  ■- ' l i '  jZ '  ■ ■li. ‘  ^. * irr 4 ' ' ' ; ^ : iv il..: . ..4 -.I- v./': V^v' i
Tkble 1 .1  ( c o n t. )
S tar R .A .( l9 5 0 )Deo b rv m ’ M n(He) Anal
H elium -rich subdwarfs
HD: 49798 06 47 —44 16 -1 9 +14 8 .3 - 0 .2 3r 1 .0 0 .4 14CPD-31 1701 07 35 -3 2 06 -0 5 10 .5 +3 1 .0 * ■1BD+75^325 08 05 +75 07 +31 -1 9 8 ,9 +5 1BD+48 1777 09 27 +48 29 +45 -2 9 10 .7HD I I 3OOIB 12 58 +36 02 +81 - 8 9 .6 3 .6 0 .5 14 ,15 1HZ 44 13 21 +36 52 +79 1 1 .7 3 .7 0 .4 14HD 127493 14 30 -2 2 25 +35 +13 9 .5 3 .6 0 .5 14 ,15 1HD I 2822OB 14 33 +19 26 +65 - 8 8 .5 0 .0 0 .4 14 ,15BD+13°3224 16 46 +13 21 +34 +22 1 0 .5BD+28 4211 21 49 +28 37 -1 9 +26 9 .5
BD>f25°4655 21 57 +26 12 -2 2 9 .8 +5 to +6 0 .92 14Gs; 259-8 22 46 +37 36 -1 9 -11 12 .5 +3 or +4
H elium -rich c lo s e b in a r ie s
HD 30353 04 42 +43 06 00 7 .8 —1 . 6 0 .9 9 16HD 37017 05 33 -0 4 32 -22 6 .6 0 .8 4  17A Lyr. 18 48 +33 18 +13 3*4 to 4 .3  - 3 .5 0 .6 9 18D 8 g r . 19 19 —16 03 -1 6 4 .3  to 4 .4  - 5 .5 0 .9 4  19
N otes * in  n(Hè) column denotes helium  abundance taken from 
BDi-l°3438 t  SchOnbemer (1978)
HD: 264111 : Stephenson ( 1967)
HD 64740 t  Kaufmann & Schacht (see  Hunger, 1975)
CPD-4 6  3093 s Osmer-& P eterson  (1974)
CPD-31 17OI: G arrison & H iltn er  (1973)
1 . Hunger & K lin g lesm ith  ( 1969)
2 . H ill. ( 1965)
3# SchOnbemer & Wolf (1974) '
4# Kaufmann & SchOnbemer (1977)
5 . K lin g lesm ith , Hunger, B le ss  & M ill i s  (1970)
6 . Kaufmann & Hunger ( l9 7 5 )
7 . Wolf ( 1973)8 . Osmer & P eterson  (1974)
9 . Kaufmann & SchOhbemer ( l9 7 4 )
10 . Hunger & Kaufmann (1973)
11 . Higginbotham & Lee ( l9 7 4 )
12 . Lee & O'Brien (1977)
13 . Kodaira, G beenstein & Oke ( 1970)
14 . R ic h te r  ( l9 7 l )1 5 . Tbmley ( 1970)
1 6 . N a r ia i (1973)
1 7 . L ester  (1972)1 8 . Hack & Job ( 1965)
1 9 . Rack ( 1967)General -  Hunger (1975)
I»
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As can be seen  from ta b le  1 .1  the subdwarfs are found a t h igh  f
g a la c t ic  la t i t u d e s ,  whereas th e in term ed iate  h e liu m -r ich  s ta r s  are
%found in  the g a la c t ic  plane# About th re e -q u a rte r s  o f  th e  extreme 4
h e liu m -r ich  s ta r s  are found a t h igh  g a la c t ic  la t i t u d e s .  In g e n e ra l, 
th e  extreme h e liu m -r ich  s ta r s  have h igh  r a d ia l v e l o c i t i e s  (apart w
from SS' 3378) ,  but Hbnger (1975) shows th a t th ese  s ta r s  fo llo w  th e  fi
g a la c t ic  r o ta t io n  independent o f  g a la c t ic  la t i t u d e ,  and so th e s ta r s  ??
are not n e c e s s a r i ly  p o p u la tion  I I  o b je c ts  as t h e ir  h igh  r a d ia l M
v e l o c i t i e s  su g g e s t . The d is tr ib u t io n  o f  th e  s ta r s  in  a l l  groups 4
appears to  be independent o f  g a la c t ic  lo n g itu d e . =f
M ainly from th e work o f  Pederen & Thomsen (1977) i t  appears th a t  'i
many in term ed iate  h e liu m -r ich  s ta r s  are v a r ia b le  w ith  p er io d s o f  |
days, from HD 37479 ( #  O ri. S’) a t I .19  days to  BD+39°4926 at 775 
days (Kodaira e t  a l . , 1970)'. Osmer & P eterson  ( l9 7 4 )  and Pedersen |
( 1978) su ggest th a t th e  in term ed ia te  h e liu m -r ich  s ta r s  are r e la te d  I
I
to  th e  helium-weak s ta r s  and th e  Ap s t a r s .  Pedersen (197®) noted  4
th a t m agnetic f i e l d s  had been found in  some o f  th e in term ed iate  
h eliu m -r ich  s t a r s .  Osmer & P eterson  (1974) su ggest th a t th ese  s ta r s  1
have enrichment o f  helium  by d if f u s io n .
j■5;
1 ,2 b  E vo lu tion
Due to  th e u n ce r ta in ty  in  d is ta n c e s  and hence a b so lu te  magnitudes 
th e  e v o lu tio n  o f  th e h e liu m -r ich  s ta r s  i s  u su a lly  d esr ib ed  in  terras
o f  th e  lo g  T  ^ -  lo g  g diagram (se e  f ig u r e  1 .1 ) ,  which i s  eq u iv a len t  
to  a H ertzsp ru n g-R u ssell diagram.. Figure 1 .1  i s  taken from 
SchOnbemer & Hunger (197® ), w ith  th e  p o s it io n s  o f  th e  in term ed ia te  
h eliu m -r ich  s ta r s  and h e liu m -r ich  subdwarfs taken from Hunger (1 9 7 5 ). 
Further d e t a i l s  o f  th e  tra ck s  are shown in  f ig u re  7 .3  and 












Figure TI Log Tgff -  log g diagram for 
helium -rich stars
n  R' CrB s ta r s  
X extreme h e liu m -r ich  s ta r s  
4* in term ed iate  h eliu m -rich  s ta r s  
o h e liu n -r ic h  cerdv.*arfs
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i s  BD"+25°4655 which i s  extrem ely  r ic h  in  helium  (se e  ta b le  l # l )  
w ith  stro n g  l in e s  due to  carbon, n itro g en  and neon, w h ils t  oxygen i s  
s l i g h t l y  underabundant (P eterso n , I 970) .
Warner ( 1967) in c lu d ed  th e  extreme h e liu m -r ich  s ta r s  in  h is  l i s t  
o f  hydrogen d e f ic ie n t  carbon (HdC) s ta r s  as n o n -v a r ia b le  members 
and put th e R^. Corona B o rea lis  (R GrB) s ta r s  in c lu d in g  IW 8 g r , and 
V348 Sgr* in  th e  l i s t  o f  v a r ia b le  members. He su ggested  th a t th e HdC 
s ta r s  and th e extreme h e liu m -r ich  s ta r s  were s im ila r ly  d is tr ib u te d  
throughout th e g a la x y . SchOnbemer (1975) re -a n a ly sed  th ree  R' GrB 
s ta r s  ( R GrB, RT Sgr, X3C Gam) and confirm ed th a t hydrogen was v ery  
under abundant but th a t helium  and carbon were overabundant. An 
oxygen abundance determ ined fo r  RY Sgr. was s im ila r  to  th a t  
estim a ted  fo r  th e extreme h e liu m -r ich  s t a r s .
SfchtJnbemer (1977) su g g ested  th a t remnants o f  red  g ia n ts  which 
have lo s t  t h e ir  hydrogen en velop es become R GrB-' s ta r s  and then  
co n tra c t towards h igh er  tem p eratures, becoming extreme h e liu m -r ich  
s ta r s  and then h e liu m -r ich  (DB) w hite dw arfs. D inger ( l9 7 2 )  and 
Schdhbem er ( l9 7 7 )  su ggest th a t th e extreme h e liu m -r ich  s ta r s  evo lve  
through th a t phase in  a few thousand y e a r s , which would ex p la in  why 
so few o f  them are see n . The DB w hite dwarfs (Wèldemann, 1975) are 
c l a s s i f i e d  as such by th e  la c k  or weakness o f  hydrogen l in e s  in  
t h e ir  sp e c tr a . He I I  i s  p resen t which in d ic a te s  a very  h igh  
tem perature. Bues (1970) examined models o f  w hite dwarfs w ith  
llOOO^K < T^  ^ 21000*^K and 7 ^ lo g  g <T 8 . She found i n  a d d itio n  to  
th e  d e p le tio n  o f  hydrogen (n^/n^^ 1 0 ^  to  10 ^) a m etal d e f ic ie n c y
o f  10 to  100 in  th e DB w hite dw arfs, so th a t she f e l t  th ey  cou ld  not 
be r e la te d  to  th e extreme h e liu m -r ich  s ta r s  which have a much h igh er  
m etal abundance. SchQnbemer (197T) su ggested  th a t th e  b ir th -r a te  
o f  DB w hite dwarfs i s  not very  d if fe r e n t  to  the p red ic ted  d ea th -ra te
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o f  ex t rem h e liu m -r io li s t a r s ,  so th a t a la rg e  number o f  a l l  low  
mass s ta r s  (M 1-2  -  1 .4  ) would pass through th e extreme
h eliu m -r ich  s ta r  p h ase .
1 .2 c  Problems
As SchOnbemer (1977) remarked “th e mechanism o f  th e  c re a tio n  
o f  s ta r s  w ith  helium  en velop es i s  unknown y e t “ . T his has been a |-
problem s in c e  th e  f i r s t  d isco v ery  by Popper. Popper' (1947) 
concluded th a t HD 124448 must e i th e r  have been formed in  the  
absence o f  hydrogen, or i t  must have evo lved  to  th a t s t a t e .  The 
known g a la c t ic  d is tr ib u t io n  o f  th e o b je c ts  n eg a tes th e  former |
p o s s i b i l i t y ,  le a v in g  on ly  th e  l a t t e r .  The s ta r s  must have ev o lv ed  
to  th a t  p o in t e i th e r  by co n v ertin g  a l l  th e  hydrogen to  helium  by |
com plete m ixing or by rem oving th e h yd rogen-rich  en v e lo p e , or by a 
com bination o f  b o th . SchOnbemer & Hunger' (1978) su g g ested  th a t  
an extreme h e liu m -r ich  s ta r  was th e remainder o f  a b in ary  system  in  
which one component blew up as a supernovas
There are s e v e r a l problems in  assuming th a t th ere  i s  a sim ple  
t r a n s it io n  between H: GrB s ta r s  and extreme h e liu m -r ich  s ta r s  
based on e f f e c t iv e  tem perature and su rface  g r a v ity  ( e .g .  f ig u re  f
l . l ) .  MW Sgr. i s  a hot R GrB s ta r  w ith  a tem perature s im ila r  to  4?
BDh-10^2179 (Eaufmann & SchOnbemer, 1977) and th ey  a ls o  noted  th a t |
BD-9°4395 has th e  He I l in e  a t 388&A f i l l e d  w ith  em iss io n , as in  
hot R GrB s t a r s .  The A s ta r s  d isco v ered  by D r i l l in g  (1979) to  be
extreme h e liu m -r ich  s ta r s  may be very  c lo s e  to  th e R GrB s ta r  
reg io n  o f  the lo g  T  ^ -  lo g  g diagram, and D8IV-14°109, he n o ted , 
has very  stro n g  carbon l i n e s .
As mentioned in  s e c t io n  l . l d  Mood (1976) has in v e s t ig a te d  
th e o r e t ic a l  r a d ia l p u lsa t io n s  in  extreme h e liu m -r ich  s t a r s .  Most
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o f  th e  known extreme h e liu m -r ich  s ta r s  are h o tte r  than 16000°K
where th e overtone i n s t a b i l i t y  occurs so th a t on ly  s ta r s  c o o ler  
than th a t (but h o t te r  than 13000^K) w i l l  have th e  overtone and 
fundam ental modes s t a b le .  HD 168476 i s  very  c lo s e  to  th e  low er  
tem perature boundary. For on ly  one extreme h e liu m -r ich  s ta r ,
BD+13°3224, has a p er iod  been found (L and olt, 1 9 7 5 )« I f  the s ta r s  
have evo lved  from R GrB s ta r s  th ere  may be ev id en ce o f  r e s id u a l %
mass lo s s  e i th e r  as P Cygni p r o f i l e s ' in  th e  spectrum or as a s h e l l  
around th e  s ta r  a t some d is ta n c e . U ltr a v io le t  sp ectroscop y  may 
be u s e fu l fo r  t h i s  problem . The space d e n s ity  : c a lc u la te d  fo r  
extreme h e liu m -r ich  s ta r s  was e stim a ted  b efo re  th e d isco v ery  o f  4
th e  s ta r s  by D r i l l in g  (1973y 1978, 1979) and th e t h e o r e t ic a l  work 
by SchOnbemer (1977)* I t  would be v a lu a b le  to  re-determ in e the  
space d e n s ity  and b ir th  ra te  in  th e  l ig h t  o f  t h i s  work, and a new |
» ÿestim a te  i s  made in  chapter 7* %ÎÎ J|
i . 3 S p ectro sco p ic  and photom etric o b serv a tio n s o f  HD 168476
Perek (1957, 1958) in v e s t ig a te d  th e space motion o f  HD 168476 
assuming a d is ta n ce  to  th e  s ta r  o f  e i th e r  Ikpc or 2kpo and found 
th a t th e s ta r  was in  a h y p erb o lic  g a la c t ic  o r b it  ra th er  than a 4
c lo se d  o r b i t . The erro rs  in  th e proper motion and p o s s ib ly  the . |
d is ta n ce  are la r g e , so th a t t h i s  should be r e c a lc u la te d  w ith  more 
accu rate data i f  p o s s ib le .  I f  th e o r b it  i s  not c lo se d , t h i s  may 
be ev id en ce o f  a severe  p ertu rb a tio n  at some tim e in  th e  s t a r t s  
h is to r y , len d in g  credence to  th e  supernova h y p o th e s is .
Feast & G lass (1973) measured th e in fr a -r e d  co lo u rs o f  HD 168476 
and noted  th a t ,  in  common w ith  HD 124448, i t  d id  not show an 
in fr a -r e d  e x c e s s ,  u n lik e  th e  R GrB s t a r s ,  in c lu d in g  MV' Sgr. and 
V348 S g r . . T his su g g ests  th a t  any s h e l l  around the s ta r  w i l l  be
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c o a le r  than 700°K. U ltr a v io le t  sp ectroscop y  w i l l  be very
im portant in  r e v e a lin g  th e  s tr u c tu r e  o f  th e ou ter  la y e r s  o f  th e  
s t a r ,  e s p e c ia l ly  s in c e  th ere  are many resonance l in e s  in  the  
u l t r a v i o l e t .  A lso , ev id en ce o f  mass lo s s  from the o u ter  la y e rs  
might be seen in  t h i s  reg io n  o f  th e  spectrum . A lthough, as noted  
in  s e c t io n  l . l e ,  th ere  i s  no ev id en ce o f  mass lo s s  from e ith e r  
BD-9°4395 and BDtlO°2179* HD 168476 i s  much c lo s e r  to  th e  E GrB 
s ta r s  and so may have some r e s id u a l mass l o s s .
H i l l  ( 1969a )  su sp ected  HD) 168476 o f  b e in g  v a r ia b le  in  i t s  W 
magnitude and Landolt (1973) n o t ic e d  a se c u la r  b r ig h ten in g  between  
h is  o b serv a tio n s  and th o se  o f  H i l l .  Thackeray (1954) found th e  
r a d ia l v e lo c i t y  c o n s ta n t, a lth ough th ere  was a la rg e  range in  th e  
measurements n o ted , and H i l l  ( 1964) su sp ected  th a t i t  might be 
v a r ia b le . As mentioned in  th e  p rev iou s s e c t io n  i t  i s  very  c lo s e  
to  th e  boundary fo r  overtone s t a b i l i t y  in  r a d ia l p u lsa t io n  
accord in g  to  Wood (1 9 7 6 ) . Sim ultaneous photometry and spectrpscopyz 
( fo r  r a d ia l v e l o c i t i e s )  w i l l  be va lu a b le  to  determ ine i f  th ere  i s  
any v a r ia b i l i t y  in  each , and i f  th ere  i s  any c o r r e la t io n . This 
may then  g iv e  v a lu a b le  in s ig h t  in to  th e  nature o f  any v a r ia t io n  
p r e se n t .
To c la r i f y  th e  p o s it io n  o f  HD 168476 in  resp ec t to  th e  boundary 
o f  Wood’s i n s t a b i l i t y  reg io n  a new determ ination  o f  th e model u s in g  
f in e  a n a ly s is  tech n iq u es i s  im portant. T h e r e 'is  a la rg e  d if fe r e n c e  
in  th e  su rface  g r a v ity  determ ined by SchOhbemer & Wolf (l9 7 4 ) and 
th a t found by H il l  ( 1965) .  HD I 68476 i s  th e on ly  extreme helium - 
r ic h  s ta r  s u ita b le  fo r  LTE a n a ly s is  w ith  neon l in e s  observed in  
i t s  spectrum . The s ta r  appears to  occupy a p o s it io n  between the  
hot extreme h e liu m -r ich  s ta r s  and the H GrB' s t a r s ,  so th a t the  
accu rate  abundance o f  carbon in  t h i s  s ta r  i s  im portant. D e ta ile d
15
atm ospheric param eters and a com plète f in e  a n a ly s is  o f  HD I 68476 
should  g iv e  v a lu a b le  in form ation  fo r  th e  study o f  extreme |
h e liu m -r ich  s t a r s ,  and perhaps shed l ig h t  on t h e ir  e v o lu t io n .
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2 PHOTOMETRY
2 .1  In trod u ction
The StrO'mgren *uvby* system  (utrdmgren, 1963) i s  an 
in term ed ia te  passband photom etric system  w ith  c e n tr a l w avelengths 
and h a lf-w id th s  as shown in  ta b le  2 .1 .  The ’u* f i l t e r  i s  a 
g la s s  f i l t e r  and th e  o th er  th ree  are in te r fe r e n c e  f i l t e r s .  
O r ig in a lly  th e f i l t e r s  were used  fo r  s ta r s  in  th e  range A2 to  GO 
but th e  techn iq ue was extended towards th e e a r l i e r  s p e c tr a l type  
s ta r s  f e .g .  StrOtagren, 1 9 6 6 ). A s e t  o f  param eters y , (b -y ) ,  c^ 
and mj^  are used  w ith  normal s t a r s .  The StrOmgren ’y* magnitude 
was chosem  to  be v ery  s im ila r  to  th e  Johnson system  *W*' magnitude 
(Johnson & Morgan, 1953) * The f i l t e r  bandwidth i s  narrower than  
th e Johnson f i l t e r  and so a " f o r c e - f i t r  must be a p p lied  to  
make them id e n t ic a l .  The *b* f i l t e r  was chosen to  be in  a reg io n  
fr e e  from stron g  s p e c tr a l f e a tu r e s .  The co lo u r  (b -y ) i s  s im ila r  
to  (B-V) in  th e  Johnson system , and i s  f a i r l y  in s e n s i t iv e  to  th e  
number o f  l in e s  in  th e  spectrum , so i t  can be used  as an 
in d ic a to r  o f  e f f e c t iv e  tem perature (G olay, 1 9 7 4 ). The parameter 
* c ,* i s  such th a t
c^ = (u -  v )  -  (v  -  b)
and i s  a measure o f  th e  Balmer d is c o n t in u ity . The parameter 
i s  exp ressed  as
m^  = (v  -  b) -  ( b - y )  
and i s  a measure o f  th e l in e  b la n k e tin g , i . e .  the m etal con ten t in
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th e  s t a r .  A ll  th e  param eters are a f f e c te d  by in t e r s t e l l a r  
e x t in c t io n . I t  i s  p o s s ib le  to  use th e (b -y ) -  m^  and (b -y ) -  c^ 
diagram s, such as are d isp la y ed  sch em a tica lly  in  Kilkenny & H ill  
(1975) to  c l a s s i f y  o b je c ts  th a t  are p e c u lia r , as w e ll  as th ose  
s ta r s  th a t are norm al.
2 ,2  O bservations
In the case o f  HD 168476 th e StrOmgren s e t  o f  f i l t e r s  g iv e s  
va lu a b le  in form ation  about th e  s t a r ,  but i t  i s  not ea sy  to  
in te r p r e t  t h i s  due to  th e la ck  o f  hydrogen in  th e s t a r .  The o^ 
index becomes a measure o f  th e  helium  jumps, m o st;a ffe c te d  by th a t  
at 345OA, in s te a d  o f  th e Balmer jump, and m^  i s  s t i l l  an in d ic a to r  
o f  m e t a l l i c i t y  (s e e  ta b le  2 .1 ) .
Table 2 .1  S t e l la r  l in e s  a f f e c t in g  StrOmgren magnitudes
■ 3^
Approx c e n tr a l X  5500
Approx h a lf-w id th  200
l in e s  a f f e c t in g  magnitude
HD 168476
normal F  s ta r
many weak 
m etalT ic ' 
l in e s
many weak
m e ta llic
l in e s
4700
180
4713 He I: 
many weak 
m e ta llic  
l in e s
many weak
m e ta llic







4143 He I 3725 He I j4128/ 30. S i I I  3450 He I  j 
4120 He r  
4026/09 He I
4143 He I 3646 H j 
4128/30 S i I I  
4101 e 4
'T
O bservations o f  HD I 68476, o th er  h e liu m -r ich  s ta r s  and r e la te d  
o b je c t s ,  were made on th e  0.5m South A frican  A stronom ical 
O bservatory (SAAO) te le sc o p e  a t Sutherland South A fr ic a . The
■ $
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o b serv a tio n s mad#  in  1976 and 1977 were made as part o f  a programme 
o f  sim ultaneous photom etry and sp ectro sco p y . I t  was expected  th a t  
a study o f  magnitude and r a d ia l v e lo c i t y  o f  HD 168476 would show 
any v a r ia t io n s  in  each , and i f  p o s s ib le  any c o r r e la t io n  between  
the two ty p es  o f  v a r ia b i l i t y .  Table 2 .2  shows th e  tim e used fo r  
th e o b serv a tio n s  and a s s is ta n c e  g iven  w ith  th e  o b serv in g .
Table 2 .2  A llo c a t io n  o f  te le s c o p e  tim e fo r  p h otom etric  work
Date
A llo c a t io n
(n ig h ts )
U sable







O b server . AB fo r  2 n ig h ts  AELG- 
HW
N otes t -  AB A. Brown
ABLG A. B . Lynas-Gray 







The StrtJmgren f i l t e r s  were u sed  s in c e  th ey  had a passband wide 
enough to  a llo w  s u f f i c i e n t  l ig h t  through in  a reason ab le len g th  
o f  tim e fo r  accu rate photom etry, but were narrow enough not to  
have to o  many unusual l in e s  (due to  the nature o f  th e s ta r )  
a f f e c t in g  each f i l t e r .
The " P e o p le s p h o t o m e t e r ,  a two channel photom eter, (SAAO 
F a c i l i t i e s  manual) was used on th e te le sc o p e  w ith  th erm o e lec tr ica lly *  
-c o o le d  EMI p h o to m u ltip lie r  tu b e s , having an 8-11 resp o n se . Only
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th e ’s tr a ig h t- th r o u g h ’ tube was used  fo r  t h i s  work. S tob ie  (1978) 
rep orted  measurements o f  a halo  around s t a r s ,  independent o f  
s e e in g , caused by s c a t te r in g  in s id e  th e  te le sc o p e  and /or dust on 
th e  su rface  o f  th e  m irror. A lo s s  o f  about 0 .0 1  mag. a t 20" o f  
arc and about 0 .0 0 2  mag. a t 30" o f  arc was found fo r  two s iz e s  o f  
diaphragm, but th e  e f f e c t  c a n c e ls  out when programme and standard  
s ta r s  are observed w ith  th e  same ap ertu re . However, in  th e l a s t  
year a 33 arc second aperture was used to  observe th e  s t a r s ,  so 
th a t more o f  th e  surrounding halo  cou ld  be in c lu d ed . P r ior  to  
th a t a 22 arc second aperture was u sed .
The 1976 and 1977 o b serv a tio n s  were made by D.C. in te g r a t io n  
fo r  30 secon d s, th e r e s u lt  b e in g  recorded on a Brown recorder  
chart r o l l .  A double B .C . e lec tro m eter  a m p lif ie r  was used (SAAO 
F a c i l i t i e s  manual) which had two manually s e t  ga in  c o n tr o ls ,  a 4
coarse ga in  and a f in e  g a in . The chart r o l l  was la t e r  measured 
by hand and reduced u s in g  programs w r itten  by Dr. G. H il l  
(Dominion A stro p h y sica l O bservatory, DAO). In 1978 June a 
com p lete ly  autom atic system  was u sed , in c lu d in g  com p u ter-con tro lled  
f i l t e r  changes, which had been developed by Dr. L. Balona (SAAO).
A Nova 3/12 computer was used  w ith  Nather board in te r fa c e  (SAAG 
F a c i l i t i e s  m anual). The system  used p u lse -co u n tin g  v ia  SSR 
a m p lif ie r s  and th e  in te g r a t io n  tim e could  be v a r ie d . Standards 
taken from Crawford & Barnes (1970) and Crawford, Barnes & Golson 
( 1970) were fr e q u e n tly  ob served . Between th ree  and e ig h teen  
standard s ta r s  were observed in  a n ig h t , depending on weather  
c o n d it io n s . One or two standards were observed over a range o f  
a ir  mass to  d er ive  th e e x t in c t io n  c o e f f ic ie n t s  fo r  th e  n ig h t .
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2 .3  Technique
In 1976, fo u r -c o lo u r  photometry o f  HD I 68476 was ob ta in ed , 3
w ith  th a t o f  o th er  r e la te d  s t a r s .  For the programme s ta r s  a
sequence o f  com parison, programme, check , programme, comparison %
(CO,P,GH,P,CO) or CO,P,CO was used  to  enable th e search  fo r  
v a r ia t io n s  in  magnitude an d /or co lo u r  to  be c a rr ied  o u t . The i
sequence was a lte r e d  in  1977 to  a llo w  more o b serv a tio n s  o f  
HD 168476 to  be made in  one n ig h t , to  determ ine i f  th ere  were any 
v a r ia t io n s  on th e  t im e -sc a le  o f  a few h ou rs. Bach s ta r  was 
observed through *the fou r  f i l t e r s  y ,b ,v ,u  w ith  a 30 second  
in te g r a t io n  fo r  each , and in  poor co n d it io n s  t h i s  was rep eated  
a f t e r  sky o b serv a tio n s  by th e  sequence u ,v ,b ,y .
I t  was d ecid ed  th a t th e  tim e r e s o lu t io n  was too  low w ith  t h i s  
method o f  ob serv in g  each c o lo u r , so th a t in  1978 a new technique  
was employed fo llo w in g  K urtz,(1 9 7 7 )•  This in v o lv ed  making 
o b serv a tio n s through ju st  one f i l t e r ,  which in  th e  case  o f  HD 168476 
was th e  *b* f i l t e r  as th e msocimum number o f  counts were r e c e iv ed  1
through i t  and th e  b e s t  s ig n a l- t o -n o is e  r a t io  fo r  a g iven  
in te g r a t io n  tim e cou ld  be o b ta in ed . In order to  remove any 
v a r ia t io n  due to  sky or in te r fe r e n c e  in  th e equipment a batch o f  
s ix  20 second in te g r a t io n s  was made fo r  each s t a r .  T his proved  
e s s e n t ia l  s in c e  th e  computer was p ick in g  up spurious co u n ts, and 
th ese  cou ld  not be e lim in a ted  except by in sp e c tio n  o f  the ou tp u t.
The sequence o f  CO,P,GH,P,CO was again  u sed , and t h i s  cou ld  be 
rep ea ted , e i th e r  im m ediately or a f t e r  a measurement o f  th e  sky 
background had been made.
S ince th e op era tio n  was under com puter-control s e v e r a l d iffe re n t'  
sequences o f  o b serv a tio n s  cou ld  be used; a maximum o f  te n  programs 
could  be s to red  in  th e computer memory. The standard s ta r s  were
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observed w ith  a 20-secon d  in te g r a t io n  fo r  each f i l t e r ,  and the  
computer paused w h ile  th e  s ta r  was moved from th e aperture so th a t
sky cou ld  be ob served . O cca sio n a lly  th e  programme s ta r s  were 
observed through a l l  fou r  f i l t e r s  to o , in  th e sequence (y b v u )sta r , 
(uvby)sky, (y b v u )s ta r , each in te g r a t io n  fo r  30 secon d s.
2 .4  R eductions
The computer program u sed  in  th e  red u ctio n s was w r itte n  by 
Dr. G. H i l l  (DAO). The program so lv ed  th e co lo u r  eq u ation s fo r  
T, (b -y ) ,  (v -b ) and (u -b ) ,  each in v o lv in g  th e  s c a le  fa c to r ,
e x t in c t io n  and zero p o in t , u s in g  th e standard s ta r s  ob served . The
eq u ation s were so lv ed  fo r  each q u a n tity  s im u lta n eo u sly  and th e  
r e s id u a ls  (Obs* -  C a lc ,) fo r  th e  standard s ta r s  p r in ted  out so |
Ith a t th e r e s id u a ls  cou ld  be checked fo r  tim e , co lo u r  or  
o r ie n ta t io n  c o r r e la t io n . S ince th e  s c a le  fa c to r s  w i l l  not change 
on a sm all tim e s c a le ,  average v a lu e s  fo r  th ese  were taken and th e  
co lo u r  eq u ation s r e so lv e d  fo r  e x t in c t io n  and zero p o in t . The 4
e x t in c t io n  should  not change very  much during th e  ob serv in g  run 
o f s e v e r a l n ig h ts  so th a t t h i s  was then f ix e d  and a f in a l  
s o lu t io n  made fo r  th e  zero p o in t . D iffe r e n t zero p o in ts  were 
f ix e d  fo r  each n ig h t .
In a d d itio n  co lo u r  c o r r e c tio n s  may have to  be a p p lied  to  th e  
co lo u r  eq u ation s and an allow ance made fo r  a d r i f t  in  th e  zero  
p o in t through th e n ig h t . F igu res 2 .1  and 2 .2  show examples o f  a 
’good* n ig h t and a ’poor* n ig h t fo r  the d r i f t  in  th e  V magnitude.
The d r i f t  i s  probably caused by sm all v a r ia t io n s  in  the  
tra n sm issio n  o f  th e  atmosphere during th e n ig h t or instrum ent 
s e n s i t i v i t y .  These can be removed by a llo w in g  the zero p o in t fo r  
the n ig h t to  change s l i g h t l y .  The programme s ta r  o b serv a tio n s  
were then reduced u s in g  the v a lu e s  obtained  fo r  s c a le  fa c to r ,
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Figure 22 Drift curve for V -  Poor night
2.4"b 1977 June data
The f i r s t  comparison s ta r  chosen fo r  HD 168476, HD I 689IO, 
was su sp ected  o f  b e in g  v a r ia b le ,  s in c e  th e  r e s id u a ls  in  th e  
o b serv a tio n s  fo r  th e  n ig h ts  in  1976 were o fte n  la r g e r  than th ose  
fo r  HD 168476. The check s ta r  HD 167918 was used  as a comparison 
s ta r  in  subosequent o b se rv a tio n a l runs and a new check s ta r  found, 
GPD“ 56^8745> both s ta r s  proved to  be con stan t in  magnitude and 
co lo u r . A new s e t  o f  f i l t e r s  was used fo r  t h i s  ob serv in g  run 
rep la c in g  th e  o ld  s e t  which had d e te r io r a te d . S ince on ly  one
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e x t in c t io n  and zero p o in t , then co rrected  fo r  the co lo u r  term  
and d r i f t  as n e c e s s a i^ .
2 .4 a  1976 Ju ly  data
V alues fo r  th e  s c a le  fa c to r s  and e x t in c t io n s  were compared 
w ith  a s e t  o f  v a lu e s  fo r  th e  f i l t e r s  determ ined from many p rev iou s  
ob serv in g  runs over se v e r a l years by Dr. D. Kilkenny and Dr. R. W. 
H ild itc h , and th o se  v a lu e s  were u sed . The red u ctio n  o f  the data  
was h indered by th e  d isco v ery  th a t th e  f i l t e r  had? d e te r io r a te d  
and was g iv in g  r i s e  to  an erro r  dependent upon th e co lo u r  o f  th e  
s t a r .  A fter  t h i s  d isco v ery  by/D!r. D. K ilkenny, th e  o b serv a tio n s  
were re-red u ced  ex c lu d in g  th e  redder s ta r s  and c o r r e c tio n s  made by 
p lo t t in g  th e  V/ magnitude a g a in st (b -y ) and (v -b ) a g a in st ( b - y ) . ]
T his was done u s in g  a l l  the n ig h ts  so th a t th e erro rs  due to  j
d r i f t s  would be m inim ised (s e e  f ig u r e  2 .3 )#  There was no co lo u r  j
term in  (u -b ) . The d r i f t s  were found to  be q u ite  s e r io u s  on th e j
l a s t  two n ig h ts  o f  th e  run, due to  in c r e a s in g  wind as dawn j
approached. On each o f  th e  l a s t  two n ig h ts  the ob serv in g  had to  ]
be c u r ta ile d  due to  th e h igh  wind speed . I
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Figure 2 4  Colour terms for 1977
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Figure 2 5 Colour terms for 1978
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n ig h t out o f  th e  seven a l lo c a te d  was u sab le  a s e t  o f  standard  
s c a le  fa c to r s  and e x t in c t io n s  was used  from o b serv a tio n s by Dr.
R. W. H ild itc h  and Dr. D. K ilkenny. The r e s id u a ls  (O-O) fo r  th e  
standard s ta r s  were p lo t te d  a g a in st co lou r  (b -y ) and agreed w e ll  
w ith  curves provided by Dr. D. K ilkenny from h is  ob serv in g  data  
(se e  f ig u re  2 .4 ) .  The l in e s  in  f ig u r e  2 .4  are taken from Kilkenny  
C1979).
2 .4 c  1978 June data
A new s e t  o f  SAAO StriSmgren f i l t e r s  was used  fo r  t h i s  run 
which con cen trated  upon o b serv a tio n s  through th e  *b* f i l t e r  u s in g  
th e  Kurtz ( l9 7 7 )  techn iq ue to  m onitor v a r ia b i l i t y .  Curves to  
c o rrec t fo r  a co lo u r  terra were p lo t te d  (se e  f ig u re  2*5)* Ho 
co lo u r  terra c o r r e c t io n  was n ecessa ry  fo r  (u -b ) or ( v - b ) .
2 .5  R esu lts
S evera l ta b le s  fo llo w  showing the r e s u lt s  ob ta in ed  fo r  th e  
th ree  ob serv in g  ru n s. Table 2 .3  shows th e  standard v a lu e s  fo r  th e  
s c a le  fa c to r  and e x t in c t io n  x  s c a le  fa c to r ,  to g e th e r  w ith  the  
co lo u r  term fo r  th e 1976 and 1978 run. The erro rs  quoted here 
are root-m ean-square erro rs  fo r  a l l  th e  standard s ta r s  u sed , 
c a lc u la te d  from th e  r e s id u a ls  (Obs. -  C a lc .) .  Table 2 .4  shows th e  
zero p o in ts  and th e  v a lu e s  ob ta in ed  on each n ig h t fo r  th e  
magnitude o f  HD I 68476, comparison and check s t a r s ,  to g e th er  w ith  
co lo u rs  and erro rs  in  th e form o f  th e standard d e v ia tio n  from the  
mean. Table 2 .5  shows th e  d i f f e r e n t ia l  *b* magnitudes found fo r  
HD 168476 r e la t iv e  to  HD 167918 in  th e 1978 run. Data fo r  th e  
p eriod  between 244 3378 and 244 3387 was k in d ly  su p p lied  by Dr.
D. Kilkenny (1979)* In th e o v e r a ll  programme, fou r s ta r s  (HD 5737,
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HD 6178, HD 120640, HD 143699) were found w ith  photom etry in  the  
ca ta logu e  "by Lindemann & Hauck (l9 7 3 )*  These showed no s ig n if ic a n t  
r e s id u a ls  in  ("b-y), m^/and O’^  (Walker & K ilkenny, 1979)#
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Thble 2 ,3  V alues used  fo r  s c a le  f a c to r $ e x t in c t io n  and co lo u r  term
Yeaar (v - ’b) 1 . no o fn ig h ts
1976 S ca le  fa c to r  (SF)’ I.OO5 1 .029  1 .049  1 .000
E x tin c tio n  x  SF O .38O 0 .1 2 0  0 .0 7 3  O.14I
Colour terra 0 .0 2 0
1977 SF 0 .9 9 0  0 .970  1 .0 4 0  1 .000  I  #
B x t in c t io m x  SF 0 .4 2 4  0 .113  O.O6I 0 .132  '
1978 SF 0 .9 9 ?  0 .9 9 9  1 .022  1 .000  J-
E x tin c tio n  x  SF O.385 O.IO4 O.O63 0 .1 2 7
Colour term 0 .0 3 4
Table 2 .4  Zero p o in ts  determ ined from standard s t a r s ,  o b serv a tio n s  
and means o f  programme s ta r s
Dhte Star sd (v-bV sd sd sd n
JD) 244 , rmse rmse rmse rmse
1976)
2972 Zero p t . 0 . 566+ .■004. 0 . 258+.0 0 7 0.375+ .007 8 ..109+. 012 18sHD) 168476 0 .3 9 8 13 0 .116 8 0 .0 4 8 7 9 .298 5 lOoHD' 168910 ' 1 .661 57 0 .3 5 6 17 0 .150 9 9 .865 12 lOoHD) 167918 0 .6 5 8 1 0 .0 8 4 1 -0 .0 0 8 6 7 .808 8 2o)
2974 Zero p t . 0 .582 7 0 .265 7 0 .376 6 8 .147 8 16sHD) 168476 0 .392 6 0 .102 7 0 .050 8 9 .301 6 12cHD; 168910 1 .679 20 0 .356 11 0 .145 6) 9 .868 5 12oHD 167918 0 .6 5 7 6 0 .076 6 0 .003 2 7.805 8 3o
2978 Zero p t . 0 .5 1 8 24 0 .241 14 0 .345 4 8.041 15' 3s(poor) HD) 168476 0 .4 1 8 0 .1 3 0 0 .040 9.315 loHD; 168910 1 .675 0 .3 6 7 0.155“ 9 .880 lo
2979 Zero p t . 0 .5 6 9 9 0 .260 10 0 .366 11 8.109 11 14sHD) 168476 0 .3 9 8 11 0 .1 1 4 5 0 .033 12 9 .3 2 4 10 70HD 168910 1 .668 14 0 .359 11 0 .137 10 9 .886 21 lOoHD 167918 0 .670 O.O84 0 .007 7.798 lo
2980 Zero p t . 0 .573 10 0 .2 6 8 13 0 .356 7 8.106 14 14sHD 168476 0 .3 8 4 6 0 .1 1 8 6 0 .0 3 4 9 9 .3 2 4 4 50HD) 168910 1 .675 12 0 .357 15 0 .142 18 9 .900 12 lOo
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Tkble 2 .4  (o o n t. )
Date Star (u -b ) sd (W b) sd (b-r-y) sd ¥  sd n
19773299 Zero p t .  0"513±.OO8 -O .05O+.OO5 O.766+.OO5 3 .940+ .010  l8 s  |
HD) 168476 0.399' 4 0 .092  6 0 .0 4 0  7 9 .275 7 12o
HD 167918 0 .6 5 7  5 0 .0 7 3  6 - 0 .005  6 7 .796  6 50
CPD^56°8745 1 .6 2 7  15 0 .3 4 4  9 O.1 7 4  9 10.251 6 40
DK 3386 HD: 168476 0 .405
ED) 167918 0 .653
0 .099 0 .0 2 8 9*303 lo0 .072 - 0 .0 0 7 7 .809 lo
9 0 .101 5 0 .043 7 9 .2 8 4 7 504 0 .076 2 - 0 .0 0 4 5 7*800 2 40
16 0 .0 9 4 3 0 .027 4 9*302 7 2o
4 0 .0 7 5 3 -0 .0 1 0 9 7*807 7 2o
0 .0 9 4 0 .051 9*274 lo0 .071 - 0 .0 0 4 7.803 lo
0 .102 0 .0 3 9 9*301 lo
0 .102 0 .047 9*292 lo0 .072 0 .003 7.802 lo
0 .091 0 .0 4 9 9*267 lo0 .072 - 0 .009 7*812 lo
1 0 .0 8 8 2 0 .046 17 9*283 25 204 0 .077 1 0 .000 2 7 .807 3 2o
)05 -O .235+.OO4 0 .8 8 3 +.003 I 7 . 655+.OO8 I3 s
9 -0 .2 3 4 4 0 .889 4 17*696 5 11s0 .102 0 .0 4 7 9*311 lo
0 .075 -0 .0 0 1 7.809 lo0 .3 4 8 0 .1 7 4 10 .248 lo
10 - 0 .230 4 0 .891 5 17.701 8 11s0 .115 0 .046 9 .2 9 8 lo
9 - 0 .236 3 0 .887 7 17*700 6 14s
13 -0 .2 3 3 5 0 .8 8 8 6 17 .704 8 14s0 .1 0 8 0 .0 4 8 9.303 lo
0 . 396+.010 O.IO4+. O il 0 . 043+* 010 9 *297+. 019 6400 .656 6 0 .076 5 - 0 .003 6 7 .803 7 2401 .671 32 0 .355 12 0 .142 11 9*879 20 3901*634 18 0 .345 8 0 .1 7 4 8 10.251 6 50
DK 3378 HD) 168476 0 .402
HD 167918 0 .6 4 8
DK 3379 ED) 168476 0 .403HD: 167918 0 .652
DK 3380 HDj168476 0 .3 8 9
HD' 167918 0 .6 5 6
DK 3381 HD) 168476 0 .4 0 7
HD: 167918 0 .652      I
DK 3382 EGD) 168476 0 .4 0 4
DK 3384 HD' 168476 0 .4 1 0
HD) 167918 0 .6 4 8
DK 3387 HD) 168476 0 .3 9 0     O.O4  .2   o
HD: 167918 0 .6 5 9
1978
3659 Zero p t .  O .I8O+.OO   O .88 .OO   |
3660 Zero p t .  0 .1 9 0     O  .    #
HD) 168476  0 .3 9 2   0 .0 4 7  9 . 1  
HD 167918 0 .6 5 0  .  -0 .0 0 1  7 .809  I
0PD-56°8745 1 .6 5 3  " ---------
3662 Zero p t .  0 .185
ffi)) 168476 0 .3 8 9
3663 Zero p t .  0 .176
3665 Zero p t .  0 .182
HD 168476 0 .3 9 8
Mean HD. I 68476 
o f  obsHD 167918 
HDf. 168910
Note *8* in d ic a te s  the number o f  standard s ta r s  observed
*0 * in d ic a te s  th e  number o f  programme s ta r  o b serv a tio n s made
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Table 2 .5  D if f e r e n t ia l  *b* m agnitudes
Hm HD168476-HD167918 CPD-56°8745-HDlS79l8 HD167918
244 A b  sd n ^b sd n b sd n
3659 1 .5 5 1 -±  0 .0 0 3  12 2..621 + 0 .005  5  7*774 + 0 .005  12
3660 1 .555 0 .0 0 3  15 2 .622  0 .005  8 7*789 0 .002  15
3662 1 .561  0 .0 0 1  15 2 .6 2 3  0 .003  7 7 .783  0 .002  13
3663 1 .5 5 4  0 .002  11 2 .6 2 0  0 .006  6 7*790 O.OO4 12
366-5 1 .559  0 .0 0 3  15 2 .625  0 .003  7 7*788 0 .0 0 4  14
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From th e mean v a lu e s  d isp la y ed  in  ta b le  2 .4  i t  can be seen  th a t  
th e  standard d e v ia t io n  in  VT o f  HD 168476 i s  alm ost th ree  tim es  
th a t o f  HD 167918. B a r t l e t t ' s  s t a t i s t i c  (S t ib b s , 1979) i s  used  to  
t e s t  i f  th e data i s  a random sample from a normal d is tr ib u t io n  o f  
v a lu e s . The data fo r  244 2972, 2974, 2979, 298O, 3299, 3379 shown 
in  ta b le  2 .4  were u sed .
B a r t le t t  's  s t a t i s t i c  X =
where n^ b e in g  th e  number o f  o b serv a tio n s in  a n ig h t
V  =
Q & i s  th e  un biased  e stim a te  o f  th e  standard d e v ia tio n  from 
B e s s e l ' s  law
and 2 ^  « (  . . . .  0  c \
H , 4 A t ' * ' ...............................................tit
where k i s  th e number o f  n ig h ts
*X' has a 71^ % d is tr ib u t io n  where fK = k -  1 .
From th e  data X = 5*37
From Conover (1971) P- 367 J6Î = 11 . 07
Thus th e d ata  i s  from a normal d is t r ib u t io n , w ith  comparable 
v a r ia n c e s , an in d ic a t io n  o f  no v a r ia b i l i t y  in  a few hours, so th a t  
a 'one-way a n a ly s is  o f  variance* may be a p p lied  to  th e  d ata .
From S tib b s (1979) th e  r a t io  A/B  i s  t e s t e d  a g a in st ta b le s  in  
F ish er  & Yates (l9 4 5 )*
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® = (s; -
N -  k
where T\ = ® T.
= L T / i j i  ® =
i s  th e i t h  o b serv a tio n  on th e  j th  n ig h t , fo r  n^ o b serv a tio n s  
in  one n ig h t and k n ig h ts ,  w ith  a t o t a l  o f  N v a lu e s .
For HD 168476 A = 0 .0031
B = 4 .3 7  X 10- 3 ]
(u -  b) 3 .71  0 .7 8
m_ 1 0 .0 4
°1 86.99
5-5,45 = 71-91 1
^5,44 “ ■;-Î
^5,40  “ 5-13 1
T h erefore , t h i s  t e s t  shows th a t th e ¥  magnitude o f  HD 168476 i s  %
v a ry in g  w ith  a p r o b a b ility  o f  more than 99.99^*
In a s im ila r  manner th e  co lo u rs  ( b - y ) , (v -b ) and (u -b ) , a lso  
th e in d ic e s  m^  and c^ were t e s t e d .  A lso , th e ¥  magnitude 
and co lo u rs  o f  th e comparison s ta r  HD 167918 were t e s t e d  in  the  
same way.
From th e  ta b le s  a t 5^ l e v e l  FL . = 2 .4 3  FL _ . -  3 .112 ,4 4  2 ,^^
observed F^^^^
HD 168476 HD 167918 S
¥  71.91  1 .92
(b -  y> 5 .9 7  1 .41(v  -  b ) 21 .61  1 .66  ' 4
,v.v' v.i;
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Thus i t  can he seen  th a t th e  W magnitude and most prohahly th e  
co lo u rs  o f  HD 168476 are v a r ia b le*
In order to  remove th e  r e s tr a in t  o f  norm ality  on th e  data fo r  
HD 168476 th e median t e s t  (Conover, 1971, P* I 6 8 ) was u sed , as 
su ggested  hy S tih h s (1979)> A con tin gen cy  ta b le  (se e  ta b le  2 .6 )  
was s e t  up w ith  th e  number o f  o b serv a tio n s  d isp la y ed  w ith  v a lu es  
g r ea ter  than or  l e s s  than and equal to  th e  median v a lu e . This  
was then t e s t e d  on th e  h y p o th esis  th a t a l l  th e  v a lu e s  came from 
th e  same p op u la tion  i . e .  no v a r ia b i l i t y .  The data from 1976 to  
1978 were t e s t e d .
Thble 2 .6  Contingency ta b le  fo r  photom etric groups 244 2972 
2980 and 244 3299 -  3665
244 2972 -  2980 244 3299 -  3665'
> 23 6 29
4 11 23 34
34 29 63
median = 9*298 
For 1 degree o f  freedom at 0 .9 5  T = 3 .8 4
at 0 .995  T = 7 .8 8  




where N i s  th e  t o t a l  number o f  ob serv a tio n s
a i s  the number g r e a te r  than th e median
9?
3?
Td i s  th e mimher l e s s  than or equal to  th e  median 
i s  th e  t o t a l  number in  the i t h  tim e in te r v a l  
and i s  th e  number o f  v a lu e s  g r ea ter  than th e median in
th e i t h  tim e in te r v a l
= 13 .8 9
"Ehe h y p o th es is  th a t th e  W magnitude o f  HD 168476 i s  not v a r ia b le  
must th er e fo re  be r e j e c te d , fo r  th e  t im ^ s o a le  o f  y e a r s .
The data fo r  1976 was fu r th e r  in v e s t ig a te d  to  examine th e  
p o s s i b i l i t y  o f  v a r ia b i l i t y  during se v e r a l n ig h ts  (s e e  ta b le  2 .7 )*
Table 2 .7  Contingency ta b le  fo r  photom etric groups 244 2972 — 74, 
244 2979 -  80
244 2972 -  74 2979 -  8a
> 5 12 17
< 17 0 17
22 12 34
median = 9*303
In t h i s  c a se , th e  h y p o th es is  th a t the F  magnitude does not vary  
over se v e r a l n ig h ts  must be r e je c te d .
Table 2 .5  and B a r t le t t ' s  s t a t i s t i c  show th a t th e  v a r ia b i l i t y  
w i l l  be on a t im e -sc a le  lo n g er  than a few hours, approxim ately  
0 .4  days (tw ice  th e maximum le n g th  o f  tim e th a t th e  s ta r  was 
observed in  one n ig h t ) .  Table 2 .5  shows from th e standard
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d e v ia tio n s  in  th e  *h* m agnitudes and th e d i f f e r e n t ia l  *h* t|Imagnitudes the accuracy th a t can he o b ta in ed . Any v a r ia t io n s  -xj
ont a t im e -sc a le  o f  a few hours must be very  sm all in d eed , i . e . ,  |
a few ten -th ou san d th s o f  a m agnitude. I t  was not p o s s ib le  to  
f in d  a p er iod  fo r  th e  s ta r  due to  p a u c ity  o f  o b serv a tio n s over a 
p er io d  o f  lo n g er  than one week. Landolt (1973) su sp ected  a 
s l ig h t  se c u la r  b r ig h ten in g  in  HD 168476 over a decade, a f t e r  
comparison w ith  th e  o b serv a tio n s  o f  H il l  ( 1969^* The o b serv a tio n s  
g iven  here show th a t t h i s  tren d  has reversed  (see  f ig u r e  2 .6 )  
su g g e stin g  th a t th e  s ta r  i s  v a r ia b le  on a lo n g  t im e - s c a le .  The 
data fo r  f ig u r e  2 .6  came from o b serv a tio n s in  ta b le  2 .4  to g e th er  
w ith  those, o f  H i l l  ( 19695) and handolt (1973)* P lo tte d  in  f ig u re  
2 .7  are th e  data fo r  p er io d s o f  s e v e r a l n ig h ts  showing th e s l ig h t  
v a r ia t io n s  in  HD> 168476.
2 .6  D iscu ss io n
HD: 168476 was p lo t te d  on th e  (b -y ) -  m^  and (b -y ) -  o^ diagrams 
( f ig u r e s  2 .8  and 2 .9 )  w ith  se v e r a l o th er  extreme h e liu m -r ich , 
in term ed ia te  h e liu m -r ich  s ta r s  and h e liu m -r ich  subdw arfs. Where 
p o s s ib le  th e reddening o f  th e  extreme h e liu m -r ich  s ta r s  was 
removed, but t h i s  should  o n ly  be im portant fo r  HD I 6064I and 
BD-1°3438, which are very  near th e  G a la c tic  P lan e. In a l l  ca ses  
th e reddening E'(B-V) was found (excep t fo r  HD 168476 where the  
model gave in t r i n s i c  (b -y ))) and converted  to  S (b -y ) v ia  : -
B'(b-y)) = 0 .7 2  E'(Bi-V’)
from Crawford (1973)* The reddening in  m^  and o^ was then  
c a lc u la te d  u s in g
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= - 0 . 3  X E fb -y );
B (c^) = 0 .2  X E:(b-y)
The in term ed iate  h e liu m -r ich  s ta r s  used w i l l  a l l  probably be 
reddened to  some e x te n t , s in c e  th ey  are g e n e r a lly  found in  th e  
plane o f  th e ga laxy  fse e  ta b le  1 .1 ) ,  HD 2641I I  (b = 1 °) and 
se v e r a l o f  th e  Osmer & P eterson  (1974) s ta r s  appear s ig n i f i c a n t ly  
a f f e c te d .  For BD'-9°4395 computed in t r in s i c  co lo u rs  were a v a ila b le  
from Kaufmann & 8'chOnbemer ( 197T) on th e Jbhnson (UBV'J' system , 
so th a t  E (b-y) was e a s i l y  computed. The d if fe r e n c e  in  th e  
computed t h e o r e t ic a l  co lo u rs  fo r  BD-9°4395 compared w ith  th e  
exp ected  in t r in s i c  co lo u rs  from i t s  sp e c tr a l type was assumed to  
a r is e  from i t  b e in g  an extreme h e liu m -r ich  s t a r .  Thus the  
d if fe r e n c e  between th e  two was a p p lied  as a c o r r e c tio n  to  th e  
exp ected  in t r in s i c  co lo u rs  o f  HD I 6O64I ,  so th a t an estim a te  o f  
th e reddening cou ld  be o b ta in ed . For BD-1°3438 an estim a te  o f  
E(B-W) 0 ,5  mag. g iven  by MacConnell e t  a l .  (1972) was u sed .
Thble 2 .8  shows v a lu e s  ob ta in ed  fo r  V, (b -y ) ,  m^  and c^ from 
Walker & Kilkenny (1979)' fo r  s e v e r a l helium ^rich  s ta r s  and the  
number o f  o b serv a tio n s  u sed , w ith  a d d it io n a l data fo r  th e  
in term ed ia te  h e liu m -r ich  s ta r s  and h e liu m -r ich  subdwarfs from 
K ilkenny (1977}-, K ilkenny (197GT) and Osmer & P eterson  (1 9 7 4 ).
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Table 2 .8  Magnitudes and co lo u rs  o f  h e liu m -r io h  s ta r s
Star
HD) 124448 
BD)-9  4395 BB +13 3224 HD; 160641 
BB -1°3438  
HD; 168476
HD) 49798










1 (B ryl % %
9 .9 9 -0 .0 0 5 0.055: 0 .1 2 31 0 .5 0 .1 4 0 .0 0 - 0 .1 51 0 .6 - 0 .0 7 0 .0 7 - 0 .0 6
9 .8 4 0 .200 -0 .0 5 3 -0 .1 2 510 .3 0 .3 8 0 .0 4 0 .2 89 .3 0 0 .043 0 .0 6 1 0 .1 8 8
8 .30 -0 .1 2 2 O.O64 - 0 .2 1 8
11 .71 -0 .1 5 1 0 .118 -0 .2 8 0
10.05 -0 .1 1 1 0 .046 —0 ,2 0 6
7 .01 - 0.-056 0 .099 0 .0 6 1
6 .7 1 -0 .0 7 2 0 .097 0.0499 .63 0 .1 0 2 0 .0 3 4 0 .058
7 .75 —0 .06 0 .0 7 0 .091 0 .0 0 .1 4 0 .0 4 0 .0 26 .4 0 -0 .0 2 4 0.090 0.1731 0 .1 1 0 .0 7 0 .0 7 0 .0 69 .3 6 -0 .1 4 1 0 .069 0.050
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ex t -  extreme h e liu m -r ich  s ta r  
SdO -  h e liu m -r ich  subdwarf 
in t  -  in term ed ia te  h e liu m -r ich  s ta r  
WE Walker & Kilkenny ( l9 7 9 )
K2 • K ilkenny (1978)
El K ilkenny (1977)














Figure 2-9 (b-y) — q  diagram
X extreme h e liu m -r ich  s ta r  
+ in term ed ia te  h e liu m -r ich  s ta r  
A  OP in term ed ia te  h e liu m -r ich  s ta r  
o h e liu m -r ich  suhdwarf
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The (h -y ) and (h -y ) -  diagrams (f ig u r e s  2 .8  and 2 -9 )
show th a t i t  i s  not p o s s ib le  to  reco g n ise  th e  p e c u l ia r i ty  o f  
helium  overabundance by ’uvby* photom etry. The s o l id  l in e s  in  
th e  diagrams are th e  in t r i n s i c  co lo u r  l in e s  taken from S le tteb a k  
e t  a l .  ( 1968) fo r  (b -y ) -  m^  and Crawford (1973) fo r  (b-y% -  c^ . 
The in t r in s i c  co lo u rs  o f  th e  h e liu m -r ich  s ta r s  do not appear 
s ig n i f i c a n t ly  d if f e r e n t  from th o se  o f  normal s t a r s ,  a fa c t  th a t  
Hunger & Van Blerkom .(1967) n oted  from f lu x  c a lc u la t io n s .  In 
th e  (b -y ) -  o^ diagram i t  i s  p o s s ib le  to  su ggest th a t the extreme 
h eliu m -r ich  s ta r s  form a sequence in  c^.. On s p e c tr a l ev idence  
(Kaufmann & Schttnbem er, 1977) HD) I 6O64I i s  b e lie v e d  to  be h o t te r  
than BD-9^4395) which i s  r e f le c t e d  in  th e dereddened co lo u r  (b -y ) .  
Figure 3 o f  Walker & K ilkenny (Ï979 ) showed,a graph o f  th e  
reddening fr e e  param eter (u -b ]  a g a in st fo r  th e  extreme 
h e liu m -r ich  s t a r s ,  w ith  th e  c a lib r a t io n  from P h ilip  & N ewell 
( 1975)# I t  showed th a t th e  extreme h e liu m -r ich  s ta r s  were c o o le r  
at th e same j^u-b^ than normal B s t a r s .  T heir o^ in d ic e s  are 
n a tu r a lly  very  d i f f e r e n t . .  The la c k  o f  hydrogen p a r t ly  e x p la in s  
th e  p roxim ity  o f  th e  hot extreme h e liu m -r ich  s t a r s ,  such as 
HD) I 6O64I and BD-9°4395 to  th e  SdO s ta r s  in  the (b -y ) -  o^ 
diagram.
S evera l d if f e r e n t  ty p es  o f  v a r ia b i l i t y  have been d isco v ered  in  
th e extreme h e liu m -r ich  s t a r s .  MV Sgr. i s  known to  be a hot 
extreme h e liu m -r ich  R’ CrB s ta r  ( H o f f le i t ,  1959)* BE+13°3224 has
a photom etric v a r ia t io n  (L an d olt, 1975) w ith  am plitude in  IF o f  
0 .1  mag. and p er io d  0 .1  days, w ith  v a r ia b i l i t y  in  (B-V) and (U -B). 
There i s  ev id en ce to  su ggest th a t HD I 6O64I may have a p eriod  o f  
about 0 .7  days fo r  i t s  v a r ia t io n  in  V, but no v a r ia t io n s  have been  
d e te c ted  in  i t s  co lo u rs  (L an d olt, 1975? Walker & K ilkenny, 1979)*
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As n oted  b efore  HD I 68476 i s  found to  be v a r ia b le  in  i t s  V 
magnitude on a t im e -sc a le  o f  days, but w ith  a p er iod  lon g er  than  
0 .4  days. HE'12444&, however, has on ly  a l i t t l e  ev id en ce to  
su ggest th a t i t  i s  v a r ia b le  (L an d olt, 1973; Walker & K ilkenny, 
1979)-  This le a d s  to  th e co n c lu s io n  th a t v a r ia b i l i t y  o f  a s p e c i f ic  
nature i s  not a c h a r a c t e r is t ic  o f  th e  group o f  extreme h e liu m -r ich  
s t a r s ,  but ra th er  a property  o f  in d iv id u a l members o f  th e group.
The extreme h e liu m -r ich  s ta r s  are c lo s e ly  r e la te d  to  th e H’ CrB 
s t a r s ,  HD I 68476 b e in g  one o f  th e  n ea rest in  the lo g  T  ^ -  lo g  g  
diagram, and so i t s  v a r ia b i l i t y  i s  o f  g rea t in t e r e s t  in  the l ig h t  
o f  th e  v a r ia b i l i t y  o f  th e  R CrB s ta r s  (SchOnbemer & W olf, 1974)*  
The v a r ia b i l i t y  o f  th e  R CrB s ta r s  i s  m ostly  ir r e g u la r , a lthough  
a p er io d  o f  39 days was found fo r  RY Sgr. (A lexander e t  a l . ,  1 9 7 2 ).
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3 RADIAL VELOCITY STUDY
3 . x  In trod u ction
The C assegrain  tw o-prism  spectrograph was used  w ith  the 1.9m  
R a d c liffe  te le s c o p e  a t the South A frican  A stronom ical O bservatory  
(SAAO), to  o b ta in  sp e c tra  fo r  r a d ia l v e lo c i t y  measurements. The 
spectrograph , c o n s is t in g  o f  two 64° l i g h y F l i n t  g la s s  prism s set; 
perm anently fo r  minimum d e v ia tio n  a t 4200A, was c a r e fu l ly  
d esign ed  to  m inim ise f le x u r e  ({Jackson, 1951)' and t e s t s  ('Feast e t  
a l . ,  1954) \w ith  th e  te le sc o p e  ob serv in g  far- in to  th e e a st  and 
w est, d isco v ered  no fle x u r e  e f f e c t s .  The *'c* camera was u sed , 
which had a d isp e r s io n  o f  49A/mm a t B y ,  and the len g th  o f  th e  
s l i t  was determ ined by e i t h e r  dekker 2 ( le n g th  1mm p r o jec ted  a t  
p la te  to  0.024mm) or  dekker 3 (le n g th  2mm), s in c e  on ly  two 
ad jacen t dekkers cou ld  be c o llim a te d  s a t i s f a c t o r i ly  at any one 
tim e . ({SAAO F a c i l i t i e s  Manual) The s l i t  w idth was s e t  to  around 
0.075mm (p ro jec ted  w idth a t p la te  0.018mm). The s l i t  jaws o f  
the spectrograph were curved so th a t th ey  produced s tr a ig h t  
l in e s  on the photographic p la t e ,  avo id in g  any n e c e s s i ty  fo r  
c o r r e c t io n . An iro n  arc was used  to  g iv e  th e  w avelength  
c a l ib r a t io n .
3 .2  O bservations
IlaO p la te s  were used fo r  th e o b se rv a tio n s , a f t e r  b ein g  
baked in  a ir  fo r  48 hours at 50^GL The w avelength reg io n  covered  
was around 385OA to  4950A fo r  th e s ta r ,  w ith  arc l in e s  to  the  
blue and red r e s p e c t iv e ly  o f  th ese  v a lu e s . A q u artz-halogen  
lamp e m itt in g  a continuous spectrum was a v a ila b le  to  g iv e  a wedge 
c a lib r a t io n , w ith  arc l in e s  from a mercury lamp fo r  the
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w avelength s c a le .
Seven exposures o f  s t e l l a r  sp e c tra  could  he made on one 
p la t e ,  which was developed  f a i r l y  soon a f t e r  th e  exposure to  
check exposure tim e and th e  fo cu s o f  th e  t e le s c o p e . The 1976 
p la t e s  were developed in  D)-19 fo r  5 m inutes a t 20°C', and then  
f ix e d  in  a co n v en tio n a l f ix e r  fo r  10 m inutes b efore  washing fo r  
about 30 m in utes. In 1977 a d if fe r e n t  f ix e r  *Amfix* was used  
w ith  i t s  hardener, which req u ired  on ly  4 m inutes to  f i x  the p la te  
b efore  washing, and th e a d d itio n  o f  a w e ttin g  agent to  ensure  
even d ry in g . In 1977 a bubble development system  was used , 
p a ss in g  a 0 .6  second b u rst o f  n itro g en  through th e d evelop er  
every  8 secon d s.
A’ focu s p la te  was taken u s in g  th e  arc spectrum . S evera l 
standard s ta r s  were observed to  check th e r a d ia l v e l o c i t i e s  
ob ta in ed , both la t e  and e a r ly  sp e c tr a l ty p e s . Although th e la t e  
s p e c tr a l ty p es  had more l in e s  so th a t a b e t t e r  r a d ia l v e lo c i t y  
cou ld  be determ ined, i t  was fea red  th a t a s h i f t  in  r a d ia l  
v e lo c i t y  might be in trod uced  through gu id in g  on a 'red* image 
as opposed to  th e  'b lue * one o f  the e a r ly  type standards and 
programme s t a r s ,  so th a t s e v e r a l e a r ly  type standard s ta r s  were 
u sed . Hbwever, no sy stem a tic  d if fe r e n c e  was found fo r  the two 
ty p es  o f  standard . Table 3 .1  shows the r a d ia l v e lo c i t y  standards 
u sed .
The a l lo c a t io n s  o f  ob serv in g  tim e fo r  th e p r o je c t which 
in v o lv ed  sim ultaneous photometry" and sp ectroscop y  are shown in  
Tàble 3 .2 .
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Thble 3 .1  Rhdial v e lo c i t y  standards used
s ta r Sp tp T el Ref S tar Sp tp T el Ref
HD 6085 gKl +11»5iP .5 1 HD. 162021 KOIII —2 2 .9+0 .3 4
HE 113537 P5I I I -1 .4 ^ 1 .0 4 HD' 168454 gK2 -2 0 .0 + 0 .2 1
HD 120908 B5W + 8.0+ 1 .2 1 HD) 180540 695? +1 5 . 2+0 .6 1
HD) 150041 BOIIk -1 8  + 2 2 HD: 210934 B8I I I - 5 . 8+1 .2 1
HD: 157457 K lIII +1 7 . 4+0 .2 3 HD) 219784 . b ^ 8 + 1 5 .6 jp .5 1
Sburoe t -  1 W ilson (1953)
2 F east e t  a l .
3 P earce (1955)
4 EVans e t  a l .  (1959)
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3#3 R eductions
The s p e c tr a l l in e s  were measured in  th ree  v i s i t s  to  the Royal 
Greenwich O bservatory, u s in g  t h e ir  r a d ia l a s o il lo s c o p e  measuring 
machine (se e  f ig u r e  3 .1 ,  Murdin, 1 9 7 8 ). The spectrum p la te  was 
s e t  up on a H ilg er  and Watts lon g  screw m easuring instrum ent in  
the u su a l way, but in s te a d  o f  measuring the spectrum by in sp e c tio n  
through the e y e p ie c e , th e l ig h t  was passed  through a r o ta t in g  
quartz octagon onto a 1P28 p h o to m u ltip lie r . T his sen t th e s ig n a l  
to  an o s c i l lo s c o p e  on which th e l in e  and i t s  rev erse  were shown, 
so th a t when th ese  co in c id ed  the read ing  was noted v ia  an Addo—K 
m achine. The 1P28 r e c e iv e d  on ly  the b lu e l ig h t  from a d ich ro io  
f i l t e r  in  th e l i g h t  p ath , th e y e llo w  l ig h t  was r e f le c t e d  onto a 
scr e en , s c  th a t th e  s p e c tr a l image could  be seen  and e a s i ly  
a d ju sted . The spectrum was measured in  th e u su a l manner, in  
both  th e forward and rev erse  d ir e c t io n s ,  s e t t in g  on the l in e  from 
one s id e  o n ly , to  reduce th e  erro rs  from backlash  to  a minimum.
In May and J u ly  1976, 119 sp ec tra  were ob ta in ed , o f  which 16 
were o f  HD 168476 and l8  were o f  standard s t a r s .  U n fortu n ate ly , 
o f th o se  taken in  May, from th e seven standard s ta r  sp e c tr a , fou r  
sp ec tra  o f  one s ta r  HD 113537 were very  d iscrep an t ({see ta b le  3 .3 )  
su g g e stin g  the s ta r  might be v a r ia b le . In June 1977> 117 sp ectra  
were ob ta in ed  o f  which 24 were o f  HD 168476 and 14 were o f  
standard s t a r s .  In t h i s  run 11 wedge c a lib r a t io n  sp ec tra  were 
taken to  enable th e  con version  o f  d e n s ity  o f  th e em ulsion in to  S
in t e n s i t y .  In a d d itio n  10 sp e c tra  o f  HD 168476 had been taken by  
Dr. D. K ilkenny in  1971 and th ese  were scanned a t th e  RGO, as w e ll  
as 13 sp ectra  o f  HD 168476 taken by M. W. F e a s t, P. '¥. H i l l ,  A. D. 
Thackeray and A .J . W esselink between 1953 and 1964. Three o f  
th ese  sp ectra  were taken a t th e  h igh er  d isp e r s io n  o f  29A/mm.
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These e a r l i e r  p la t e s  had been scanned w ith  th e same machine by Dr. 
P. W. H i l l ,  w ith  o th er  sp e c tra  (se e  ta b le  3 .8 ) ,  and were rescanned  
to  check fo r  s ig n i f i c a n t  erro rs  between measurements.
The measurements made at th e RGO were reduced u s in g  programs 
w r itte n  by Dr. P.W. H i l l .  The Hartmann form ula was used
cl
where "Xpj o and d^ are c a lc u la te d  co n sta n ts  and d i s  the measured 
p o s it io n  o f  the s t e l l a r  l i n e .  The co n sta n ts  were c a lc u la te d  from 
th e p o s it io n s  o f  th ree  arc l in e s  and the r e s u l t s  from many sp ec tra  
averaged . This form ula i s  not exact and a polynom ial up to  
degree f iv e  was f i t t e d  by th e  computer program to  th e  r e s id u a ls  
from th e Hartmann curve to  g iv e  the c o rr e c tio n  cu rve. Between
80 and 100 sp e c tr a l measurements were used to  determ ine the à1Hartmann co n sta n ts  fo r  th e  197o Ju ly  and 1977 June ob serv in g
runs. The arc l in e  a t 4O7IA had con sp icu ou sly  la rg e  r e s id u a ls  '4iand so was not u se d . I t  may have two components to  i t .  A few
Ioth er  arc l i n e s ,  one or se v e r a l o f  489IA, 487IA, 4859A, 4315A, |
I4132A, 393OA, were o c c a s io n a l ly  g iven  h a l f  w eight in  th e program 1due to  t h e ir  la rg e  r e s id u a ls  from the c o r r e c tio n  cu rv e . The r a d ia l  
v e lo c i t y  c a lc u la te d  was then  co rrected  fo r  the d iu rn a l motion o f  
th e  ea rth  and th e  annual motion o f  the sun. S o h les in g er  ( 1899) 
g iv e s  th ese  c o r r e c t io n s . The d iu rn al c o r r e c t io n  i s
V, » r (OS {6 sin. H (oS ^
L
where A i s  th e  e q u a to r ia l sem i-d iam eter o f  the earth
r  i s  the rad iu s v e c to r  from the cen tre  o f  the ea rth  to  the
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o b s e r v e r
X i s  t h e  l e n g t h  o f  a  s i d e r e a l  day  i n  s e c o n d s  o f  mean t im e  
E = S i d e r e a l  t im e  ~
The a n n u a l  c o r r e c t i o n  was com puted  i n  t h e  form
W = I X '  + mT' + nZ*a
1 -  c o s ^  COS é
m = s i n ^ c o s 6 c o s €  -  s i n s i n f  
n = s in o ( c o s < f  s i n C  4- s in c î  c o s 8  
X ' ,  Y-*, Z ' a r e  t h e  d i u r n a l  c o r r e c t i o n s  from  t h e  e q u a t o r i a l  
r e c t a n g u l a r  c o o r d i n a t e s  o f  t h e  sun  o b t a i n e d  from  t h e  A s t r o n o m ic a l  
E p h e m e r i s ,  i n s t e a d  o f  t h e  e c l i p t i c  c o o r d i n a t e s  u s e d  by  S c h l e s i n g e r .
3*4 R e s u l t s  
3*4a  S t a n d a r d  s t a r s
The s t e l l a r  l i n e  w a v e l e n g t h s  were t a k e n  from  P l a s k e t t  e t  a l ,  
( 1 9 3 2 ) and  w here a p p r o p r i a t e  ( i . e .  486IA , 4471A, 4026I )  t h e  
w a v e le n g th s  o r  v e l o c i t i e s  w ere  c o r r e c t e d  a c c o r d i n g  t o  P e t r i e  
( 1 9 5 3 ) and  F e a s t  e t  a l .  (1 9 5 7 )*  T a b le  3*3 shows t h e  r e s u l t s  
o b t a i n e d  c o r r e c t e d  f o r  t h e  e a r t h ' s  m o t io n .  Most s p e c t r a  were 
M easured  o n l y  o n c e ,  b u t  som e, i n d i c a t e d  i n  t h e  t a b l e ,  were 
m e a s u re d  t w i c e  t o  c h e c k  t h a t  my m easu rem en t  t e c h n i q u e  an d  t h e  
m ach ine  r e m a in e d  c o n s t a n t .






S tar M s . e . K n gg no o f 0-8meas.
m> 113537 —24 3 9 1 —23-2 1 2 7 2 —20-2 0 4 7 1 -1 9
+4 2 8 1 +3
HD ..168454 -1 7 3 4 1 +3-22 3 6 1 -2
-2 9 4 8 1 -9
HD 6085 +16 5 7 1 +4HDi 120908 +4 4 10 1 —40 3 6 1 -8HD 150041 -1 3 3 8 1 +5-2 0 3 10 2 -2m  162021 -2 5 2 15 2 -2HD 180540 +11 2 14 1 - 4
+13 2 . 18 2 -2
HD* 207971 - 4 3 ■ 5 1 -2HD 210934 -1 0 3 5 2 - 4HD 219784 +11 2 13 1 -5
HD 113537 -2 4 10 1 -1HD^ 120908 +6 3 8 1 -2+12 4 7 1 +4—2 3 11 1 -1 0+8 6 9 1 0
+7 2 7 1 -1
HD 139129 -7 3 8 1 +5
-9 3 7 1 +3HD 150041 -3 0 4 10 1 -12
HD 157457 +27 2 11 1 +10HD) 162021 -3 1 4 11 1 - 8
HD 207971 -3 5 7 1 —1-6 3 8 1 —4+1 9 6 1 +3
0-8' observed v e lo c i t y  from measures -  standard (ta b le  3 . l )
1976 July  mean r e s id u a l = - 2 .2  + 3 -8  ( s .d . )
1977 June mean r e s id u a l = - 1 .0  + 6 .1  ( s .d . )
. ..1 ; .. .
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From Wayman ( 196I )  a w eight can he a ttach ed  to  each spectrum
=  100
(a  + 2 .2e^^ )
where *a* i s  a con stan t fo r  th e c camera, equal to  3 .8 ?  and e^ 
i s  th e in te r n a l probable e rro r  o f  a s in g le  measurement o f  the  
spectrum , ex p ressed  as
e^ = 0 . 6745^^
where Cl i s  th e standard d ev ia tio n , o f  th e mean. By u s in g  th ese  
w eigh ts w ith  th e  d if fe r e n c e s  between the r a d ia l v e l o c i t i e s  
c a lc u la te d  here and th e p u b lish ed  v a lu e , a root-m ean-square erro r  
was found o f  + 2 .8  km /s, th e erro r  in  the r a d ia l v e lo c i t y  o f  a 
spectrum due to  in te r n a l and e x te rn a l e r r o r s .
3 .4b  HD 168476
In ta b le  3*4> shown below , th e  l in e  w avelengths used  in  th e  
a n a ly s is  are g iv e n . These l in e s  are th e same as are used  in  
s e c t io n  3#4a , w ith  some a d d itio n s  from Moore (1945)* I t  i s  f e l t  
th a t fo r  HD 168476 th ey  are p o s s ib ly  not th e  most s u ita b le  s e t  o f  
w avelengths to  be used  due to  th e fa c t  th a t the w avelengths make 
allow ance fo r  b len d in g  in  normal s t a r s ,  which may not be v a l id  
in  the case o f  HD 168476. However, u n t i l  d e f in it e  v a lu e s  can be 
put upon any w avelength changes n e cessa ry , t h i s  s e t  i s  u sed , and 
th e r a d ia l v e l o c i t i e s  w i l l  be c o n s is te n t  w ith  v a lu e s  o f  HD 168476 
p r e v io u s ly  determ ined. Table 3*5 shows the mean r a d ia l v e lo c i t y  
w ith  standard erro r  from th e mean, fo r  th e measurements made h e r e ,
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^àlDle 3 .4  S p ec tra l l in e  w avelengths fo r  HP' 168476 used  in  th e  
r a d ia l v e lo c i t y  determ ination
Ion A Ion
4481.228 Mg I I 3968.465 Ga II
4471.477 He I 3964.727 He I
4437.549 He I 3935.914 He I4387.928 He I 3933.664 Ga I I4267.160 C I I 3926.530 He I
4168.970 He I 3920*677 G II
'4143.759 Hè I 3918.977 G I I4130.876 S i II 3888*646 He I4128*051 S i I I 3867.528 He I
4120.812 He I 3862.590 S i II
4026.189 He I 3856.028 S i I I
4009.270 He I 3819.640 He I
3994.996 N II
to g e th e r  w ith  th e  mimher o f  l in e s  u sed . The r a d ia l v e l o c i t i e s  
determ ined hy Dr. D. K ilkenny and Dr. P. W. H il l  fo r  sp ec tra  a lso  
measured hy th e  w r ite r  are shown in  ta b le  3 *6 , w ith  th e r e s id u a l  
o f  " th is  t h e s i s  -  H ill/K ilk en n y" '. Table 3*7 shows th e r a d ia l  
v e l o c i t i e s  measured by ESLll ( l9 ? 8 )  fo r  sp ec tra  which th e w r iter  
d id  not re-m easure* The mean r a d ia l v e lo c i t y  fo r  th e 10 l in e s  
common to  the measurements in  1976 Ju ly  and from 13 l in e s  common 
to  th e measurements in  1977 June i s  shown in  ta b le  3 .8 .  Table 
3*9 shows th e mean r a d ia l v e lo c i t y  fo r  the th ir te e n  l i n e s ,  found 
from 1976 Ju ly  and 1977 June.
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Tkble 3*5 Mean r a d ia l v e l o c i t i e s  fo r  HDI68476 ( a l l  a v a ila b le  l i n e s )
% J-.D. M  ^  ÎS n 8 Î H .J.D .
2434510.505 -1 5 9 ± .4 13 2442971.471 -170 ± 4 14520.556 -165 1 18 + 971.505 -1 6 8 3 15585.385 -1 6 8 1 20 + 971.545 —164 3 14586.281 -1 7 0 4 15 975.383 -1 6 8 4 13587.271 -1 6 7 4 9 975.419 -172 3 17588.299 -170 2 19 + 975 .454 “ 177 2 11648 .244 -1 6 8 3 15 975.508 -181 3 142438155.532 -167 2 22 2443299.522 -172 2 20
264.271 -1 7 7 2 22 299.559 -171 2 22508.582 -161 2 19 299 .594 -172 2 24537.657 -176 3 18 300.475 “173 2 25567.477 -172 2 14 300.509 -1 7 8 1 24619.327 -172 2 19 300.536 “175 2 202441117.479 -1 7 0 2 17 300.565 -172 2 23136.398 -172 1 18 300.598 “173 2 25167.313 -1 6 8 4 13 300.630 “ 174 1 20168.252 -1 6 7 2 19 302.450 “174 2 25168.289 -171 3 19 302.611 “176 2 23168.327 -165 2 21 302.646 “ 174 2 24168.391 -173 2 13 303.512 “179 1 25168.436 -172 2 17 303.538 -182 1 21168 .474 -1 7 4 4 16 303.564 —181 2 24169.337 “173 2 22 303.594 “178 1 232442913.599 -182 2 15 303.631 “179 2 21913.630 -1 8 8 3 15 304.437 “ 177 2 20913.670 -1 8 4 2 13 304.467 -1 7 8 2 21970.407 -1 7 0 2 18 304.500 “179 1 20970.446 -1 7 0 2 17 304.532 “179 2 18970.507 -172 2 15 304 .564 “178 2 19970.539 -1 7 0 2 19 304.605 “177 2 20971 .404 —168 3 14 304 .694 -176 2 20971 .434 -163 4 13
+ s i g n i f i e s  *b* d isp e r s io n  (29A/mm)'
mean r a d ia l v e lo c i t y  = - 1 7 2 .9  ± 0 - 7  ( s . e . )  km/;




H .J.D . S i
2441117.479 “ 172136.398 -176
167.313 -169168.252 -166168.289 “ 171
1 6 8 .3 2 7 “ 163168.391 “ 171168.436 “ 174
168.474 -170
169.337 “ 172
P. W. H il l  
H .J.D .
He s i  dual 
' t h e s i s  -  Kilkenny*
= - 0 .1  + 2 . 4  ( 1 0 )










-165  -1 7 0  
-169  -168  
—166 -163 
-173  -160  
-169
“ 171
♦ th e s is  -  H ill*
= - 1 . 3  + 2 .1  (12)
Thble 3 .7  Rhdial v e l o c i t i e s  up to  1964 measured by H il l
H .J.D . no o f  T ines H .J.D . Î S n if
2434195.454 -170 15 2437505.538 “ 179 33 *222.433 “ 159 13 506.533 “ I81 46 *241.347 -156 14 537.374 “ 171 36 *251.313 -166 14 561.334 “ 176 13 *279.280 “ 165 11 566.314 -172 34  *286.213 -1 6 7 11 8167.512 “ 172 17295.211 “ 157 16 169.465 “ 168 17459.611 “ 164 17 226.322 -1 6 6 16497.580 “ 162 11 227.388 “ I5I 14497.618 “ 169 12 241.281 “ 167 12530.557 “ 160 12 248.343 “ 163 15534.436 “ 177 10 250.247 “ 159 13578.539 “ 165 16 269 .254 -171 16579.287 “ 171 17 271.223 -1 6 8 16580.289 “I70 15 275.288 “I69 12640.236 “ 169 21 + 277.263 “ 163 137094.514 “ 173 97 * 625.287 “I72 27 *183.275 -166 15 * 625.469 -1 6 8 29 *185.307 “ 174 31 *
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+ s i g n i f i e s  *Td*’ d isp e r s io n  (29A/mm) 
s i g n i f i e s  Coudé p la te  (l5#6A/mm)
mean r a d ia l v e lo c i t y  = -1 7 0 ,9  + 0 . 7  ( s . e . ) km/s
(100 o b s .)
"Ektle 3 .8  Mean r a d ia l v e l o c i t i e s  from 10 or 13 l i n e s ,  by n ig h t
B .J .D .
—166
s . e . note M .
-172
8.1
2442970.407 + 2 2443300.565 + 2970.446 -1 6 8 2 * 300.598 -172 2
970,507 -169 2 300.630 "173 2
970.539 —167 3 302.450 -172 2
971.404 -172 3 302.611 "174 2971.434 -162 3 302.646 -171 3971.471 -167 2 303.512 -1 7 8 2
971.505 -1 6 7 4 303.538 -1 8 0 2
971.545 -161 3 * 303 .564 -1 7 8 2975.383 - I 66 3 303 .594 "177 1975.419 -172 3 303.631 -1 8 0 2
9%5.454 "177 3 * 304.437 "175 2975.508 -1 7 8 3 304.467 "179 23299.522 "171 2 304.500 "179 1299.559 -171 3 304.532 -1 7 8 2
299 .594 -169 2 30.4 .5 6 4 "175 3300.475 -169 3 304.605 -177 2300.509 "174 2 304 .694 -1 7 4 3300.536 "174 2
N otes 2442970.446 9 l i n e s ,  4120A not measured
971*545 9 l i n e s ,  4120A not measured 
975*383 9 l i n e s ,  4026A not measured
-Î
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Table 3 .9  Mean r a d ia l v e l o c i t i e s  from 10 or 13 l i n e s ,  by l in e
Ion m s . e . no o f  sp ec tra M 8.1
4481 II -169 + 2 13 -177 + 3
4471 He I -1 6 8 2 13 -170 2
4387 He I -172 3 13 -180 2
4267 C II -169 2 13 -171 24143 Hè I "171 3 13 -1 7 8 24130 Si II -1 6 8 3 13 -1 6 8 34128 S i I I -1 6 8 2 13 "175 24120 He I - l6 6 3 11 "174 24026 He I -1 6 8 4 12 -170 24009 He I -170 6 13 -1 7 7 23968 Ca I I —166 2 13 "175 13964 He I "171 4 10 "177 13933 Ca I I -171 3 11 -180 1























3*5 ' i ) i s o u g s io n
T h e re  a r e  no s i g n i f i c a n t  d i f f e r e n c e s  b e tw e e n  t h e  r a d i a l  
v e l o c i t i e s  o b t a i n e d  by  D r ,  D . K i lk e n n y  and  D r .  P .  W, H i l l  and  t h e  
w r i t e r .  T a b le  3*9 shows t h a t  t h e  m easu rem en t  e r r o r s  w ere  l a r g e r  
t h a n  any  w a v e le n g th  s h i f t  i n t r o d u c e d  b y  u s i n g  an  u n s u i t a b l e  
w a v e l e n g t h .  One p ro b le m  w i t h  t h e  1976 J u l y  ru n  was t h e  a p p a r e n t  
a b s e n c e  o f  t h e  4120A He I  l i n e  i n  two s p e c t r a  ( n o t e d  i n  t a b l e  3 . 8 ) ,  
a l t h o u g h  e a c h  s p e c t r u m  was m e a su re d  t w i c e .  Upon s c a n n i n g  w i t h  t h e  
J o y c e - L o e b l  m ach ine  a t  S t .  Andrews O b s e r v a t o r y  t h e  l i n e  was c l e a r l y  
i d e n t i f i a b l e .  Thus a  l i n e  p r o f i l e  v a r i a t i o n  was s u s p e c t e d ,  w i t h  
t h e  r e s u l t  t h a t  t h e  l i n e  w ou ld  n o t  be e a s i l y  m e a s u re d .  The d a t a  
f rom  t a b l e s  3 -5  an d  3*7 a r e  p l o t t e d  i n  f i g u r e  3 . 2 .  P o s s i b l e  
maxima a r e  s e e n  a t  243 4 534 , 243 75^5 an d  244 2 9 1 3 ,  and  m inima a t  
243 4 2 4 1 , 243 3827 and  244 29 7 1 ,  b u t  t h e s e  must n a t u r a l l y  be v e r y  
t e n t a t i v e ,  and  a  c o n s i d e r a b l e  amount o f  s c a t t e r  i n  t h e  d a t a  i s  
c l e a r l y  v i s i b l e .
To t e s t  w h e th e r  t h e  s t a r ’ s r a d i a l  v e l o c i t y  i s  v a r i a b l e  f i r s t  
t h e  X»* -  t e s t  (T ru m p le r  & W eaver, 1953 , page  205 e t  s e q . )  was 
u s e d .  The h y p o t h e s i s  o f  c o n s t a n t  r a d i a l  v e l o c i t y  was t e s t e d  i n  
t h e  fo rm  t h a t  t h e  s e m i - a m p l i t u d e  o f  t h e  v a r i a t i o n  i n  r a d i a l  
v e l o c i t y  i s  a e r o  an d  t h i s  i s  r e j e c t e d  w h e n e v e r
w here  i s  t a b u l a t e d  i n  T r u m p le r  & W eaver, f o r  (n  -  l )
d e g r e e s  o f  f re e d o m  an d  p r o b a b i l i t y  ’a * .  % i s  t h e  mean r a d i a l
v e l o c i t y  a n d  4 '  i s  t h e  e x p e c t e d  s t a n d a r d  d e v i a t i o n '  from  t h e  mean, 
fo u n d  from  t h e  s t a n d a r d  s t a r s  ( u s i n g  t h e  p r o b a b l e  e r r o r  q u o te d  on 
page  5 2 ) .
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F o r  t h e  d a t a  o b t a i n e d  i n  1977
n  = 24 X = -1 7 4 * 6  km /s
C -  4 .2  km /s  
6* = 17*64
k  r * ( V  S)*" = 1 5 .4 7
At a  = 0 .1 0  IX a  IP,23" 3 2 .0 1  
Thus t h e  h y p o t h e s i s  t h a t  t h e  s e m i - a m p l i tu d e  o f  t h e  v a r i a t i o n  i n  
r a d i a l  v e l o c i t y  i s  z e r o  may n o t  be  r e j e c t e d .  However, t a b l e  3*5 
s u g g e s t s  a  s y s t e m a t i c  t r e n d  i n  t h e  1977 r u n .  Thus i t  i s  i m p o r ta n t  
t o  make u s e  o f  t e s t s  t h a t  a r e  more s e n s i t i v e .
I n  s e c t i o n  2 .5  B a r t l e t t ’ s  s t a t i s t i c  was u s e d  t o  c h e c k  t h a t  t h e  
p h o t o m e t r i c  o b s e r v a t i o n s  w ere  r an d o m ly  s e l e c t e d  f ro m  a  n o rm a l  
p o p u l a t i o n .  T h i s  s t a t i s t i c  i s  now a p p l i e d  t o  t h e  r a d i a l  v e l o c i t i e s  
u s i n g  t a b l e  3 * 1 0 .
T a b le  3*10 S t a n d a r d  d e v i a t i o n s  and  d e g r e e s  o f  f re e d o m  f o r  r a d i a l  
v e l o c i t i e s  b y  y e a r
Y ea r 1952 1953 i 960 1961 1963 1964 1971 1976 1977
5 .7 4 .5 4*3 4*1 6*5 5*1 3 .0 7*2 3 .0
Mi 6 15 2 4 12 6 9 15 23
V  « 91 ,  k  = 9 
From C onover  ( l 9 7 1 ,  page  367 )  2 0 .0 9
Thus a t  any  p r o b a b i l i t y  l e v e l  l e s s  t h a n  0 .9 9  t h e  h y p o t h e s i s  t h a t  
t h e  r a d i a l  v e l o c i t i e s  w ere  ra n d o m ly  s e l e c t e d  f rom  an assum ed  n o rm a l  
p o p u l a t i o n  w i t h  c o m p a ra b le  v a r i a n c e s  must be r e j e c t e d .
  — ——T' j'i _ -1  r —2'A — - 1—_ J -li -L .-u i l;’i. . ,t '
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At the su g g e stio n  o f  P r o f. D. W. N*r S tih h s  (1979) th e median 
t e sir (Conover, 1971 and s e c t io n  2*5)  was used  s in c e  t h i s  does not 
req u ire  a normal p op u la tio n  o f  d a ta . F ir s t  th e p o s s i b i l i t y  o f  
v a r ia b i l i t y  in  a l l  100 r a d ia l v e l o c i t i e s  was examined. They 
were d iv id ed  in to  th ree  groups by Hf.J.D* 243 4195 -  243 7185 
(1952 -  1 9 60)\ 243 7505 -  243 8625 (1961 -  1970) and 244 1117 -  
244 3304 (1971 - 1977)•  The con tin gen cy  ta b le  i s  shown in  ta b le
3 . 1 1 .
Median = - I 7I.O  km/s 
From Conover ( 197I ,  page 367)*
fo r  2 degrees o f  freedom a t 0 .9 5  T? = 5*99
at: 0 .995  1 0 .6
from ta b le  3 .1 1  = 25*23
Thus th e h y p o th es is  o f  n o n -v a r ia b i l i ty  o f  th e  r a d ia l v e lo c i t y  over  
the tim e 1952 -  1977 must be r e je c te d .
Tt> in v e s t ig a te  th e  data fu r th e r  (S t ib b s , ,1979) th e  r a d ia l
v e l o c i t i e s  fo r  1.971 to  1977 were examined, d iv id in g  th e  data
in to  two groups 244 1117 -  244 2975 (l9 7 1  -  1978) and 244 3299 -
244 3304 ( 1977) ,  see  ta b le  3 . 1 2 .
Median = -173*4  km/s 
fo r  1 degree o f  freedom at 0 .9 5  T" = 3 .8 4
at 0 .995 T- = 7 .8 8
from ta b le  3*12 T^  ^ = 1 1 .5 4
This most s tr o n g ly  su g g e sts  th a t th ere  i s  a v a r ia t io n  on a tim e-  
so a le  o f  days, s in c e  the combined data fo r  1971 and 1978 should  
tend  to  smooth out any sh ort p er iod s observab le  in  th e  1977 
d ata .
Table 3 «11 Contingency ta b le  fo r  groups 243 4195 -  243 7185, 
243 7505 -  243 8625. 244 1117 -  244 3304
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243 4195 -  
243 7185




> 23 13 14 50
< 3 11 36 50
26 24 50 .100
Table 3 .1 2  Contingency ta b le  fo r  groupa 244 1117 -  244 2975, 





> 19 6 25
4 7 18 25
26 24 - 50
Table 3*13 Contingency ta b le  fo r  groups 244 3299 -  302, 303 -  304
299 302 303 -  304
> 11 2 13
< 1 10 11
12 12 24
Table 3 .1 4  Con-fcingenoy ta b le  fo r  groups 244 3399 -  302, 303 -  304; 
u s in g  s e t  o f  common 13 l in e s
■





Tàble 3 .1 5  Contingenoy ta b le  fo r  groups o f  r a d ia l v e l o c i t i e s  
from 13 l i n e s ,  r a d ia l v e l o c i t i e s  from a l l  l in e s ■I
13 l in e s A ll l in e s
> 14 ? 23
< 10 15 25
24 24 48P
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In order to  examine th e p o s s i b i l i t y  o f  v a r ia b i l i t y  on the  
t im e -so a le  o f  days, th e data fo r  1977 was t e s t e d ,  a lth ough  t h i s  
was regarded as more d ou b tfu l due to  th e exp ected  v a lu e  in  the  
con tin gen cy  ta b le  f a l l i n g  as low as f i v e ,  (se e  ta b le  3 . 13 )
Médian = - I 7 6 .O km/s 
fo r  1 degree o f  freedom at 0 .9 5  T — 3*84
at 0 .995  T" « 7 .8 8  
from ta b le  3 «13 = 13*59
To confirm  t h i s  v a r ia b i l i t y  on a t im e -sc a le  o f  days th e Cox &
Stuart t e s t  fo r  tren d  (Conover, 1971, P* 130) was used  (S t ib b s ,  
1979)* The tw elve  v e l o c i t i e s  from th e n ig h ts  244 3303 and 3304
were arranged in to  p a ir s  and th ese  compared. I f  the f i r s t  was
l e s s  than th e second a p lu s  s ig n  was g iven  and i f  g r e a te r  a minus 
s ig n .
U sing th e tw o - ta i le d  t e s t
( - 178. 5 , - 178. 4 ) +
( - 181 . 6 , - 179. 1 ) +
( —180 . 9 , —178. 6 ) +
( - 178. 1 , - 178. 0 ) +
( - 178. 8 , - 176. 5 ) +
( - 176. 9 , - 175. 5 ) +
n = 6 T = 6
I f  2 = 0 .0 4  s e t s  th e  c r i t i c a l  l e v e l  o f  acceptance or r e j e c t io n ,
from Conover ta b le  3 (page 369) 
t  = 0
Thus i f  T'^ t  or i f  T l & n  -  t  a tren d  e x i s t s .
S ince T'= n -  t  a  tren d  in  th e  r a d ia l v e l o c i t i e s  over th e two
n ig h ts  does e x i s t  w ith  a p o s s i b i l i t y  o f  O.96 .
To check i f  th e v a r ia t io n  i s  due to  w avelength s h i f t s  in  the
J—— '■’Jl-- ‘ -  I ’ 'l-y. 1.^ *■ H ..-S' ,  -, .-ii. '  i  '.t ^ . >. .s.''
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l in e s  caused by an u n su ita b le  v a lu e  b e in g  u sed , th e  r a d ia l  
v e l o c i t i e s  determ ined from th e  common s e t  o f  13 l in e s  were 
examined fo r  sh ort term v a r ia t io n s ,  see  ta b le  3*14*
Median = -175*1 km/s 
fo r  1 degree o f  freedom at 0*95 T = 3*84
a t 0*995 T = 7*88
from ta b le  3*14 " * 17*14
In order to  check th a t  th e  w avelengths d id  not a f f e c t  th e r a d ia l  
v e lo c i t y  t e s t s  fo r  v a r ia b i l i t y ,  th e s e t  co n ta in in g  th e  v e l o c i t i e s  
from th e 13 l in e s  were t e s t e d  a g a in st the s e t  determ ined from a l l  1^
a v a ila b le  l i n e s ,  see- ta b le  3* 1 5 *
Median = -175*4  km/s 
fo r  1 degree o f  freedom a t 0 .9 5  T = 3*84
a t 0*995 T = 7*88
from ta b le  3*15 = 2*09
Thus a t the 0 .9 5  l e v e l  o f  con fid en ce i t  i s  not p o s s ib le  to  r e j e c t  
th e h y p o th esis  th a t  th e r a d ia l v e l o c i t i e s  determ ined from a s e t  
o f  13 l in e s  came from th e  same p op u lation  as r a d ia l v e l o c i t i e s  
determ ined from a l l  a v a ila b le  l i n e s .
As a f in a l  check th a t th e  v a r ia t io n s  were not an in stru m en ta l I
e f f e c t  caused by ta k in g  o b serv a tio n s  in  d if fe r e n t  y e a r s , the  
r a d ia l v e l o c i t i e s  o f  HD 120640 (B 2 III , Houk, 1978) were t e s t e d  ?
in  th e  same way as th e r a d ia l v e l o c i t i e s  o f  HD 168476 taken on 
th e  same ob serv in g  ru n s. Table 3*16 shows the r a d ia l v e l o c i t i e s  
o f  HD 120640 taken in  May and Ju ly  1976 and June 1977* Table 3*17 
shows th e r e s u lt in g  con tin gen cy  ta b le s  fo r  HD 168476 and 
HD 120640.
Table 3«l6 R adial v e l o o i t i e s  determined, fo r  HP 120640
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? i î m
2913 -9 2974 +2 3300 -72913 -2 2975 -7 3302 -82970 —4 2975 - 4 3302 -52970 —2 2975 -7 3302 -12972 0 3299 -1 3302 -22972 -5 3299 -2 3302 —32972 +1 3299 +1 3303 -72973 - 7 3299 -6 3303 -72973 -7 3299 -9 3303 -1 32973 —6 3299 -7 3304 -32974 -2 3300 - 4 3304 -7?2974 -6 3304 -6
Table 3 .1 7  Con’fcingency t a b le s  fo r  data from HP)120640 and HD<168476
244  
HDl 168476
2913 -  2975 3299 -  3304






HD 168476 HD 120640 
median - 174*8 -5*1
3 .7 5  0 .7 0
25 1 .6 5  0 .2 3
P m, 0 .9 5  0 .5 9
P was determ ined by c a lc u la t in g  a parameter *z* (S t ib b s , 1979) I
and exam ining ta b le s  ([Conover p . 366)) where z = w^.
("v"' -  (  5 -
where ^  i s  th e  number o f  degrees o f  freedom (= 1 h e r e ) .  ï
The v a r ia t io n  in  r a d ia l v e lo c i t y  i s  th er e fo re  not an 
in stru m en ta l e f f e c t  or an e f f e c t  o f  s e le c t in g  u n su ita b le  
w avelengths fo r  th e  l i n e s .  Use o f  a p e r io d -f in d in g  program 
w r itte n  by Morbey (1973) o f  Dominion A stro p h y sica l O bservatory  
and le n t  by Dr. K. W. H ild itc h , f a i l e d  to  show any p er io d s e i th e r  
on a short t im e -sc a le  or on a lo n g  t im e - s c a le ,  so th a t i t  su g g ests  
th a t th e p er iod  may not be a sim ple one. The techniq ue o f  Lucy 
( 1976) found s ix te e n  p e iod s fo r  Cygni, ranging from 6 .9  to  
1 0 0 .8  days. T his may be a u s e fu l techniq ue fo r  HD I 68476 but 9C 
Cygni was a much b r ig h te r  s t a r .  447 r a d ia l v e l o c i t i e s  were 
a c cu ra te ly  determ ined fo r  i t ,  in c lu d in g  a s e t  o f  144 r a d ia l  
v e l o c i t i e s  determ ined in  one year (1931)* This i s  a co n sid era b ly  
la r g e r  sample fo r  t h e ir  harmonic a n a ly s is  than i s  a v a ila b le  fo r  
HD 168476 w ith  a t o t a l  o f  100 r a d ia l v e l o c i t i e s ,  w ith  a maximum ,
o f  24 taken in  one year (1977)* O bviously many more r a d ia l  
v e l o c i t i e s  o f  HD 168476 must be obtained  over a p er io d  o f  years  
fo r  t h i s  technique o f  harmonic a n a ly s is  to  be s u c c e s s fu l ly  a p p lie d .
 L-l—h..
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4 THE) ULTRA-VIOLET SPECTRUM
4 .1  O bservations
The In te r n a tio n a l U ltr a v io le t  E xplorer ClUE) s a t e l l i t e  and i t s  
i n - f l i g h t  performance have been d escr ib ed  in  Boggess e t  a l .  ( 1978a) 
and Boggess a t a l .  (1978b) r e s p e c t iv e ly .  Low r e s o lu t io n  sp ec tra  
o f  HD) 168476 were taken by Dr. F. M* Gondhalekar as part o f  the  
h ig h -p r io r ity  programme, w ith  both short w avelength and lon g  
w avelength cam eras. The w avelength reg io n s  covered were between  
I I 5OA and 3OOOA, th e  lo n g  w avelength end b e in g  out o f f  by a 
te lem etry  f a u l t .  Dr. A.. E. Lynas-Gray and th e w r ite r  id e n t i f ie d  
io n s s im ila r  to  th o se  found in  th e  sp ec tra  ob ta in ed  from ground 
based o b serv a tio n s and fe a tu r e s  were noted  which might be due to  
C I ,  N I ,  S i I  and S I  ('Lynas-Gray, Walker & H i l l ,  1 9 7 9 ). These 
fe a tu r e s  may have been formed in  a co o l o u ter  s h e l l .  At Lyman- 
th ere  was on ly  a weak em issio n  fe a tu r e , most probably geocoronal 
in  o r ig in .
One h ig h -r e s o lu t io n  spectrum was obtained  o f  HD I 68476, 
exposure 120 m in utes, by Lynas-Gray and th e  w r ite r  on 1978 June 
14 commencing a t 03%36:29 from th e V illa fr a n c a  s a t e l l i t e  tra ck in g  
s ta t io n  o f  th e European Space Agency. The th ir d  f i l e  o f  th e  
provided m agnetic tape was used  fo r  th e  a n a ly s is  and t h i s  
con ta in ed  an image which had been co rrected  g e o m e tr ica lly  and 
p h o to m e tr ic a lly , w ith  th e  background removed and c a lib r a te d  as 
lUE f lu x  u n it s .  A program was w r itte n  to  p lo t  th e s p e c tr a l orders  
u sin g  th e IBM 360 /44  computer o f  th e  U n iv e r s ity  o f ' S t .  Andrews.
P relim in ary id e n t i f i c a t io n s  o f  p o s s ib le  l in e s  were made on th ese  
p lo t s .  The sp ec tra  were then d isp la y ed  on a v id eo  term ina l u s in g  
th e  U n iv e r s ity  o f  S t .  Andrews O bservatory Nova and Honeywell 316
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computers under FORTH c o n tr o l (w ith  th e a id  o f  R. S ta p le to n , P.
B unclark, G. S tew a r t) . These sp ec tra  had been smoothed u s in g  th e  
running mean o f  f iv e  p o in ts ,  to  reduce n o is e .  For th e  l in e s  
in d ic a te d  on th e  screen  th e  w avelengths were p r in ted  out fo r  
la t e r  id e n t i f i c a t io n  and th e  l in e s  noted  on th e p lo t s .  For one %
order (94) th e numbers ob ta in ed  were in c o r re c t due to  a computer ^
erro r  and one order (9 2 ) was not measured (by m ista k e) , so th a t fo r  
th ese  two orders (2440A to  2475-& aud 2496A to  2p2^k) th e  
w avelengths o f  th e  l in e s  were measured d ir e c t ly  from th e  unsmoothed 
p lo t s .
The spectrum was underexposed so th a t on ly  orders 104 and 101 
to  72 were examined; th o se  orders covered 2207A to  2235A and Î
227OA to  3233A. At th e  lo n g er  w avelen gth s, comparison w ith  ground |
based  o b serv a tio n s  an alysed  in  chapter 5 was p o s s ib le .  U sing a 
r a d ia l v e lo c i t y  o f  - I 7I km/s fo r  HD I 68476 (se e  chapter 3 )’ a 
c o r r e c tio n  was made to  each oTder to  determ ine th e  s t e l l a r  
w avelen gth s. T his c o r r e c tio n  v a r ied  from 1.3A  to  1 .8 a  on th e  
orders u sed . Data from Morton (1979) were used  to  id e n t i f y  l in e s  
connected  w ith  th e  ground s t a t e ,  both  fo r  th e  in t e r s t e l l a r  and th e  
s t e l l a r  l i n e s .  A d d itio n a l data were taken from Moore ( 1950) ,
Moore ( 1965, 1967, 1970, 1975) fo r  s t e l l a r  w avelen gth s. Line 
w avelengths due to  in t e r s t e l l a r  m olecu les were found from Jenkins 
e t  a l .  ( 1973) and Snow (1 9 7 6 ).
4 .2  R esu lts
Table 4 .2  shows th e id e n t i f i c a t io n s  made from th e spectrum .
The m u lt ip le t  number o f  th e  l in e  i s  shown in  b r a c k e ts . These 
l in e s  rep resen t on ly  a sm all number o f  the l in e s  found in  the  
spectrum . I t  i s  su sp ected  th a t some o f  the l in e s  w i l l  be id e n t i f i e d
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as h igh  m u ltip le t  numbers o f  th e t r a n s it io n  elem ents ( e . g .  Or IX 
( 325) but  s in c e  t h i s  was u n cer ta in  th e id e n t i f ic a t io n s ,  were not 
always in s e r te d . The m u lt ip le t  ta b le s  are o b v io u sly  incom plete  
in  th e  u l t r a v io le t  fo r  most e lem en ts . H i l l  ( 1962) u se s  a form ula 
from Fowler ( 1922) to  o b ta in  He I  l in e  w a v e le n ^ h s . T his form ula  
was used  to  f in d  u l t r a v io le t  w avelengths fo r  He I ,  w ith  sev e r a l 
i t e r a t io n s  from th e exp ected  s e r ie s  l im it  a t 2601A. The r e s u lt s  
are shown in  ta b le  4*1* The form ula used  was
A - m
where % i s  th e wavenumber o f  th e  l in e
A i s  th e  wavenumber o f  th e s e r ie s  l im it  
R i s  th e  Rydberg"constant fo r  helium  
n i s  th e p r in c ip a l quantum number 
a,jK are c o n s ta n ts , c a lc u la te d  from th e wavenumbers o f  two known 
members o f  th e s e r i e s .
Table 4 . I  U ltr a v io le t  w avelengths o f  He I
n ■ ^calc ^ b ■^calc i
4 3187.74 3188.23 15 2 6 3 3 .4
5 2945.10 2945.27 16 2629.3 ;6 2829.07 2829.16 17 2625 .8
7 2763.8 2763 .8 18 2623 .08 2723.2 2723.2 19 2620.6
9 2696.1 2696.1 20 2618.510 2677.1 2677 .1 21 2616 .7 -11 2663.3 2663.3 22 2615.212 2652 .8 2652.9 23 2613 .913 2644.8 2644 .8 24 2612 .714 2638.5 00 2599 .7
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Using n = 3 3 8 8 8 .65A
n = 4 3187. 74s
a = 3 .85  X 10"^
- 7 .0 3  X 10"^
In ta b le  4*1 th e observed w avelengths were taken from Moore (1950)» 
and from n * 11 th e  w avelengths were taken from H arrison ( 1969)-*
In ta b le  4*2 th e  f i r s t  column g iv e s  th e  w avelength id e n t i f ie d  
on th e  spectrum , th e  second column the w avelength co rrected  fo r  
th e r a d ia l v e lo c ity *  An estim a te  o f  th e in t e n s i t y  o f  th e  l in e  i s  
g iven  in  column 3* Then fo llo w s  any id e n t i f i c a t io n  made fo r  th e  
r e s t  w avelength in  th e  i n t e r s t e l l a r  medium ( l . S *  ID) and any 
s t e l l a r  id e n t i f i c a t io n  made. The order o f  th e spectrum i s  a lso  
g iven  (ORDR). In a l l  391 l in e s  were id e n t i f i e d  e i t h e r  w ith  s t e l l a r  
or in t e r s t e l l a r  w avelen gth s.
i
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T a b l e  4 . 2
ULTRAVI OLET ABSORPTI ON LI NE WAVELENGTHS
REST STAR I I .  S .  ID STELLAR ID ORDR :
2 2 0 7 . 3 2 2 0 8 . 6 s 2 2 0 8 . 6 1 Ca I I ( 8 ) 1 0 4 1
2 2 0 3 . 2 2 2 0 9 . 5 s 2 2 0 7 . 9 8 S i I ( 3 )
2 2 0 9 . 3 2 2 1 0 . 6 s - 2 2 1 0 . 8 9 Si I ( 3 ) -
2 2 1 0 . 1 2 2 1  1 . 4 s 221 1 . 7 4 S i I ( 3 )  A.
2 2 1 1  . 2 2 2 1 2 . 5 s 2 2 1 1 . 3 2 Si i ( 3 ) ::Î2 2 1 5 . 7 2 2 1 7 . 0 m 2 2 1 6 . 6 7 S i I ( 3 )
2 2 1 6 . 3 2 2 1 8 . 1 s 2 2 1 6 . 6 7 Si I ( 3 ) 2 2 1 8 . 0 6 S i I ( 3 )
2 2 1 3 . 1 2 2 1 9 . 4 s 2 2 1 8 . 9 2 S i I ( 3 ) '52 2 1 8 . 8 2 2 2 0 . 1 s 2 2 1 8 . 3 1 Si I ( 3 )
2 2 3 3 . 7 2 2 3 5 . 0 s 2 2 3 5 . 2 1 N I I ( 1 8 . 0 2 ) - i2 2 7 5 . 4 2 2 7 6 . 7 s 2 2 7 5 . 4 7 Ca I ( 6 ) 10 1 :52 2 7 9 . 4 2 2 8 0 . 7 m 2 2 8 1 . 0 0 P I I ( 6 ) i2 2 8 3 . 7 2 2 8 5 . 0 in 2 2 3 5 . 1 1 P I I ( 7 )
2 2 3 5 . 9 2 2 8 7 . 2 s 2 2 8 6 . 6 9 N I I ( 1 6 . 0 2 , 2 0 . 0 2 ) %!
2 2 8 7 . 6 2 2 8 3 . 9 s 2 2 3 8 . 4 4 N I I ( 1 6 . 0 2 , 2 0 . 0 2 )
2 2 3 8 . 9 2 2 9 0 . 2 s 2 2 9 0 , 2 6 N I I ( 2 0 . 0 2 )
2 2 9 0 - 2 2 2 9 1  . 5 s 2 2 9 1 . 6 5 N I I ( 1 6 . 0 2 )
2 2 9 2 . 0 2 2 9 3 . 3 m 2 2 9 3 . 3 2 N I I ( 2 0 . 0 2 ) i l
2 2 9 5 . 3 2 2 9 7 . 1 s 2 2 , 9 7 . 2 8 Ni I I ( 1 1 )
2 2 9 3 . 4 2 2 9 9 . 7 s 2 2 9 8 . 9 5 Mn 11 ( 2 )  *
2 2 9 3 . 9 2 3 0 0 . 2 s 2 2 9 8 . 9 5 Mn 11 ( 2 ) ■J'
2 2 9 9 . 6 2 3 0 0 . 9 s 2 2 9 9 . 8 4 S i c J.
2 3 0 1  . 6 2 3 0 2 . 8 m 2 3 0 2 . 9 8 Ni I I ( 1 1 )
2 3 0 3 . 6 2 3 0 4 . 9 m 2 3 0 5 . 0 0 Mn I I ( 2 )  * "t.
2 3 0 5 . 0 2 3 0 6 .  3. w 2 3 0 5 . 0 0 Mn 11 C2) 1 0 0
2 3 0 6 . 8 2 3 0 3 . 2 m 2 3 0 7 . 3 6 Si I I ( 1 8 . 0 2 ) 12 3 1 1 . 2 2 3 1 2 . 5 m 2 3 1 0 . 9 5 Ni I ( 1 0 )  ■
2 3 1 2 . 5 2 3 1 3 . 8 rn 2 3 1 2 . 3 4 Ni . I ( 1 0 ) -ï
2 3 1 4 . 4 2 3 1 5 . 7 m 2 3 1 3 . 9 8 Ni I ( 1 0 ) 2 3 1 6 . 0 3 Ni 11 ( 1 1 ) •32 3 1 6 . 7 6 N I I ( 1 6 ) i2 3 1 3 . 2 2 3 1 9 . 5 m 2 3 1 9 . 9 4 N I I ( 1 6 )
2 3 2 0 . 4 2 3 2 1  - 7 rn 2 3 2 0 . 0 3 Ni I ( 9 ) 2 3 2 1 . 6 5 N I I ( 1 6 )  *
2 3 2 1  . 9 2 3 2 3 . 2 w 2 3 2 1 . 3 3 Ni I ( 9 ) 2 3 2 3 . 5 0 C I I ( 0 . 0 1 ) 9 9
2 3 2 3 . 5 2 3 2 4 . 8 m 2 3 2 3 . 5 0 C 11 ( 0 . 0 1 > 2 3 2 4 . 6 9 C I I ( 0 . 0 1 )  *
2 3 2 5 . 1 6 N I I ( 1 6 ) 12 3 2 3 . 9 2 3 2 5 . 2 m 2 3 2 5 . 4 0 G 11 ( 0 . 0 1 )
2 3 2 4 . 7 2 3 2 0 . 0 s 2 3 2 4 . 6 9 C I I ( 0 . 0 1 ) 1
2 3 2 5 . 4 2 3 2 6 . 7 w - 2 3 2 6 . 9 3 C I I ( 0 . 0 1 ) A
2 3 2 5 . 8 2 3 2 7 . 1 w 2 3 2 5 . 4 0 C 11 ( 0 . 0 1 ) 2 3 2 7 . 3 9 Fe 11 ( 3 ) 1
2 3 2 5 . 7 9 Ni I ( 9 )
2 3 2 6 . 5 2 3 2 7 . 3 m 2 3 2 6 . 9 3 C 11 ( 0 . 0 1 ) 2 3 2 8 . 1 2 C I I ( 0 . 0 1 )
2 3 2 3 . 5 1 S i 11 ( 0 . 0 1 )
2 3 2 3 . 0 . 2 3 2 9 . 3 w 2 3 2 8 . 1 2 C 11 ( 0 . 0 1 )
2 3 2 3 . 7 2 3 3 0 . 0 rn 2 3 2 8 . 5 1 S i 11 ( 0 . 0 1 ) *
2 3 3 1 . 0 2 3 3 2 . 3 m • 2 3 3 2 . 8 0 Fe 11 ( 3 ) :
REST STAR I . S .  ID STELLAR ID
73 . , 4
ORDR
2 3 3 2 . 7  2 3 3 4 . 0  m
2 3 3 3 . 4  2 3 3 4 . 7  m
2 3 3 4 . 4  2 3 3 5 . 7  w
2 3 3 7 . 2  2 3 3 8 . 5  m
2 3 3 7 . 8  2 3 3 9 . 1  m
2 3 4 1 . 8  2 3 4 3 . 1  m
2 3 4 2 . 6  2 3 4 4 . 1  m
2 3 4 3 . 6  2 3 4 4 . 9  s
2 3 4 4 . 8  2 3 4 6 . 1  m
2 3 4 7 . 3  2 3 4 8 . 6  rn
2 3 4 3 . 4  2 3 4 9 . 7  m
2 3 4 8 . 9  2 3 5 0 . 2  m
2 3 5 0 . 4  2 3 5 1 . 7  m
2 3 5 8 . 0  2 3 5 9 . 3  m
2 3 5 3 . 5  2 3 5 9 . 8  m 
2 3 6 3 . 3  2 3 6 4 . 6  m
2 3 6 4 . 7  2 3 6 6 . 0  m
2 3 6 5 . 7  2 3 6 7 . 1  m
2 3 6 7 . 0  2 3 6 8 . 3  m
2 3 7 0 . 5  2 3 7 1 . 9  w
2 3 7 2 . 0  2 3 7 3 . 4  m
2 3 7 3 . 0  2 3 7 4 . 3  m
2 3 7 3 . 5  2 3 7 4 . 8  m
2 3 7 4 . 7  2 3 7 6 . 1  m
2 3 7 6 . 1  2 3 7 7 . 5  m
2 3 7 7 . 7  2 3 7 9 . 0  m
2 3 3 0 . 5  2 3 8 1  . 9  m
2 3 3 0 . 9  2 3 8 2 . 3  m
2 3 8 1 . 7  2 3 8 3 . 1  s 
2 3 8 2  . 6  2 3 8 4  . 0  in
2 3 8 4 . 3  2 3 8 6 . 2  m
2 3 3 5 . 7  2 3 3 7 . 1  m
2 3 8 6 . 3  2 3 8 8 . 2  s
2 3 3 2 . 8 0  Fe  I I  ( 3 )
2 3 3 4 . 5 1  Si  
2 3 3 8 - . 0 1  Fe
2 3 4 3 . 5 0  Fe  
2 3 4 4 - 2 0  Si  
2 3 4 4 . 2 3  Fe
2 3 4 3 . 3 0  Fe  
2 3 4 8 . 6 1  Be
2 3 5 0 . 1 7  Si
2 3 5 9 . 1 1  Fe
2 3 6 4 . 7 3  Cr 
2 3 6 4 . 8 3  Fe  
2 3 6 5 . 9 1  Cr
2 3 6 6 . 8 1  Cr 
2 3 6 6 . 8 6  Fe  
2 3 6 7 . 0 5  Al
2 3 7 2 . 0 7  Al  
2 3 7 2 . 1 2  Mn
2 3 7 3 . 1 8  Al  
2 3 7 3 . 7 3  Fe
2 3 7 4 . 8 2  Ca
2 3 7 7 . 1 8  Mn 
2 3 7 8 . 4 0  Al  
2 3 8 0 . 4 8  Ca 
2 3 8 0 . 7 6  Fe
2 3 8 2 . 3 5  Fe  
2 3 8 4 . 0 5  Mn 
2 3 8 4 . 3 9  Ni
I I  CO.  
I I  ( 3 )
I I  ( 3 )  
I I  CO.  
I I  ( 3 )
I I  ( 3 )
I C D
I I  CO.  
I I  ( 3 )
2 3 3 4 . 5 1  
2 3 3 4 . 5 9  
0 1 )
2 3 3 8 . 0 1
2 3 4 3 . 5 0
2 3 4 4 . 2 0
2 3 4 4 . 2 8
01 )
2 3 4 8 . 3 0
I ( 1 )
I I  ( 3 )  
I C l )
2 3 5 0 . 1 7  
01 )
2 3 5 9 . 1 1
2 3 6 4 . 7 3
■ 2 3 6 4 . 8 3  
2 3 6 5 . 9 1  
2 3 6 6 . 0 5  
2 3 6 6 . 3 1  
2 3 6 6 . 8 6  
2 3 6 6 . 9 7
I <1 )
II  (2 )  
I ( 4 )
I ( 3 )
II  C 2)
I ( 4 )
I I  C l )  
I C D
I C2)
I ( 3 )
I ( 6 )
I I  ( 3 )
II  (2 )  
I ( 2) .
I ( 1 0 )
2 3 7 2 . 1 2
2 3 7 3 . 7 3
2 3 7 4 . 2 6
2 3 7 4 . 8 2
S i  I I  ( 0 . 0 1 )  
Ni  I I  ( 2 0 )
Fe  I I  ( 3 )
Fe  I I  ( 3 )
S i  I I  ( 0 . 0 1 )  
Fe I I  ( 3 )
Fe  I I  ( 3 )
S i  I I  ( 0 . 0 1 )
Fe I I  ( 3 )
Cr I C D  
Fe I I  ( 3 )  u 
Cr I ( T)
Si  I I  Cl 8 . 0 1 )  
Cr I ( 1 )
Fe I I  ( 2 )
S i  I I  ( 1 8 . 0 1 )
Mn I ( 2 )
Fe  I I  (1 )
S i  I I  ( 1 8 . 0 1 )  
Ca I ( 1 )
2 3 7 7 . 1 8  Mn I ( 2 )
2 3 8 2 . 0 3
2 3 8 3 . 0 6
2 3 8 4 . 0 5
2 3 8 6 . 7 8
2 3 8 8 . 2 3
2 3 8 8 . 6 3
Fe I I  ( 2 )
Fe I I  ( 2 )  
Mn I ( 2 )
N I I  ( 1 8 . 0 6 )  
N I I  ( 1 8 . 0 6 )  
Fe I I  ( 2 )
9 3
9 7
2 3 8 8 . 2  2 3 8 9 . 6  m 2 3 3 8 . 6 3  Fe I I  ( 2 )
- %
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REST STAR I I .  S .  ID STELLAR I 0 ORDR «
2 3 8 9 . 8 2 3 9 1  . 2 m 2 3 9 0 . 8 7 N I I  ( 1 8 . 0 6 ) * '
2 3 9 2 . 8 2 3 9 4 . 2 m 2 3 9 4 . 5 2 Ni I I  ( 2 0 )
2 3 9 4 . 1 2 3 9 5 . 5 s 2 3 9 5 . 5 4 Fe I I  ( 2 ) *
2 3 9 5 . 4 2 3 9 6 . 8 in 2 3 9 5 . 5 4 Fe I I  <2 ) 9 6
2 3 9 6 . 9 2 3 9 3 . 2 m 2 3 9 3 . 5 6 Ca I ( 5 ) *
2 3 9 7 . 9 2 3 9 9 . 3 s 2 3 9 9 . 2 4 Fe I I  ( 2 ) *
2 3 9 8 . 5 2 3 9 9 . 9 s 2 3 9 3 . 5 6 Ca I ( 5 ) g
2 3 9 9 . 6 2 4 0 1 . 0 s 2 3 9 9 . 2 4 Fe- I I  ( 2 )
2 4 0 2 . 9 2 4 0 4 . 3 s 2 4 0 4 . 6 8 Fe I I  ( 2 ) ★ ■12 4 0 4 . 9 2 4 0 6 . 3 s 2 4 0 4 . 6 8 Fe I I  ( 2 ) 2 4 0 6 . 6 6 Fe I I  ( 2 ) 'S
2 4 0 6 . 3 2 4 0 8 . 2 s 2 4 0 6 . 6 6 Fe I I ( 2 ) ■;'5
2 4 0 7 . 7 2 4 0 9 . 1 in 2 4 0 7 , 2 5 Ca 1 ( 6 )
2 4 0 9 . 2 2 4 1 0 . 6 m 2 4 1 0 . 5 2 Fe I I  ( 2 )
2 4 0 9 . 9 2 4 1 1 . 3 m 2 4 1  1 . 0 6 Fe I I  ( 2 )
2 4 1 1 . 4 2 4 1 2 . 8 m 2 4 1 1 . 0 6 Fe I I  ( 2 )
2 4 1 1  . 6 2 Co I ( 6 )
2 4 1 2 . 3 2 4 1 3 . 7 m 2 4 1 3 . 3 1 Fe I I  ( 2 )
2 4 1 3 . 1 2 4 1 4 . 5 n 2 4 1 3 . 3 1 Fe I I  ( 2 )
2 4 1 5 . 1 2 4 1 6 . 5 m 2 4 1 6 . 1 3 Ni I I  ( 2 0 ) *
2 4 3 3 . 0 2 4 3 4 . 4 s 2 4 3 5 . 1 6 S i I ( 4 5 ) 95
2 4 3 7 . 6 2 4 3 9 . 0 m 2 4 3 8 . 7 7 S i I ( 2 )
2 4 3 8 . 5 2 4 3 9 . 9 m 2 4 3 3 . 7 7 Si I ( 2 )
2 4 4 2 . 0 2 4 4 3 . 4 w 2 4 4 3 . 3 6 Si I ( 2 )
2 4 4 3 . 7 2 4 4 5 . 1 s 2 4 4 3 . 3 6 Si I ( 2 ) / 9 4
2 4 4 6 . 4 2 4 4 7 . 8 n> 2 4 4 7 . 7 1 Fe I ( 9 ) *
2 4 4 7 . 4 2 4 4 3 . 8 m 2 4 4 7 . 7 1 Fe I ( 9 ) ★
2 4 5 0 . 8 2 4 5 2 . 2 m 2 4 5 2 . 1 2 Si I ( 2 ) *
2 4 5 2 . 3 2 4 5 3 . 7 m 2 4 5 2 . 1 2 S i I ( 2 ) A I
2 4 6 0 . 3 2 4 6 1 . 8 m 2 4 6 1  . 2 7 N I I  ( 2 3 )
2 4 6 2 . 7 2 4 6 4  . 1 m 2 4 6 2 . 6 5 Fe I ( 9 )
2 4 7 3 . 2 2 4 7 4 . 6 s 2 4 7 4 . 2 2 Ti I I  ( 2 ) *
2 4 7 4 . 8 2 4 7 5 . 2 m 2 4 7 4 . 2 2 Ti M  ( 2 ) ★ ■')
2 4 7 6 . 5 2 4 7 7 . 9 m 2 4 7 8 . 2 3 Ti I I  ( 2 ) 9 3 ;
2 4 7 8 . 1 2 4 7 9 . 5 m 2 4 7 8 . 2 3 Ti I I  ( 2 )
2 4 8 3 . 4 2 4 8 4 . 3 w 2 4 8 3 . 2 7 Fe I ( 9 ) Z
2 4 8 9 . 4 2 4 9 0 . 8 ni 2 4 9 0 . 2 8 N I I  ( 1 8 . 0 1 , 2 0 )
2 4 9 7 . 2 2 4 9 8 . 6 m 2 4 9 7 . 4 0 Ü I C D *
2 4 9 9 . 3 2 5 0 0 . 7 m 2 5 0 0 . 9 3 Si I I  ( 1 8 ) *
2 5 0 0 . 3 2 5 0 1 . 6 m 2 5 0 1 . 9 7 S i I I  ( I S ) A A
2 5 0 1 . 0 2 5 0 2 . 4 m 2 5 0 1 , 1 3 Fe I ( 7 ) A
2 5 0 3 . 7 2 5 0 5 . 0 m 2 5 0 4 . 7 1 Si I I  ( 1 7 . 0 3 ) A I
2 5 0 6 . 5 2 5 0 7 . 9 m 2 5 0 6 . 9 0 S i I C D A j
2 5 0 7 . 5 2 5 0 8 . 9 m • ■ 2 5 0 9 . 1 1 C I I  ( 1 4 ) A
2 5 1 0 . 5 2 5 1 1 . 9 s 251 1 . 7 1 , 1 2 . 0 3  C I I  ( 1 4 ) 92
2 5 1 1  . 7 2 5 1 3 . 1 m 2 5 1 2 . 1 8 Na I ( 5 )
2 5 1 3 . 0 2 5 1 4 . 4 rn 2 5 1 4 . 3 2 S i I ( 1 ) '12 5 1 3 . 4 2 5 1 4 . 3 m 2 5 1 4 . 6 3 V I I  < 2 1 )
2 5 1 4 . 8 2 5 1 6 . 2 m 2 5 1 4 . 3 2 S i I C D
2 5 1 6 . 6 2 5 1 8 . 0 w 2 5 1 6 . 1 1 S i I ( D 2 5 1 8 . 2 9 Cr I I  ( 3 0 8 )




REST STAR I I . S .  10 STELLAR I D ORDR :
2 5 1 8 . 7 2 5 2 0 . 1 s 2 5 2 0 . 2 2 N I I ( 1 9 )
2 5 1 9 . 3 2 5 2 0 . 7 m 2 5 1 9 . 2 0 S i I ( 1 ) 2 5 2 0 . 7 9 N I I ( 1 9 ) -.2
2 5 2 1 . 4 2 5 2 2 . 3 m 2 5 2 2 . 3 1 N_ I I ( 1 9 ) * •f
25 2 1 . 3 2 5 2 3 . 2 w 2 5 2 3 . 2 4 Cr I I ( 3 0 8 ) 91 s2 5 2 3 . 4 2 5 2 4 . 8 rn 2 5 2 2 . 8 5 Fe I ( 7 ) 2 5 2 4 . 4 9 N I I ( 1 9 ) ★
2 5 2 4 . 4 2 5 2 5 . 3 m 2 5 2 4 .  1 1 S i I (1 ) 2 5 2 5 . 6 2 Ti I I ( 4 ) * -J
2 5 2 5 . 2 2 5 2 6 . 6 m • 2 5 2 6 . 1 7 N I I ( 1 9 ) A I2 5 2 6 . 5 2 5 2 7 . 9 m • 2 5 2 7 . 9 0 V I I ( 5 0 ) A 32 5 2 7 . 7 2 5 2 9 . 1 m 2 5 2 8 . 6 6 V I I ( 5 0 ) A
2 5 2 8 . 1 2 5 2 9 . 5 m 2 5 2 8 . 5 1 S i I (1 )
2 5 3 0 . 1 2 5 3 1 . 5 m 2 5 3 1 . 2 7 Ti I I ( 4 )
2 5 3 3 . 7 2 5 3 5 . 1 m 2 5 3 4 . 6 4 Ti I I ( 4 )
2 5 3 7 . 0 2 5 3 3 . 4 s 2 5 3 . 3 1 Cr I I ( 3 0 8 ) i
2 5 3 9 . 0 2 5 4 0 . 4 m 2 5 4 0 . 8 6 Sc I I (1 )
2 5 3 9 . 9 2 5 4 1  . 3 w 2 5 4 1  . 4 0 C a I ( 4 )
2 5 4 1 . 2 2 5 4 2 . 6 m 2 5 4 0 . 8 6 Sc 11 C D 12 5 4 1  . 4 0 Ca I C4)
2 5 4 3 . 5 2 5 4 4 . 9 m 2 5 4 3 . 8 5 Na I ( 4 ) 2 5 4 5 . 2 3 Sc I I (1 )
2 5 4 5 . 3 2 5 4 6 . 7 w 2 5 4 5 . 2 8 Sc I I C D
2 5 5 1 . 3 2 5 5 2 . 8 m 2 5 5 2 . 3 8 Sc 11 ( 1 ) 9 0 i
2 5 5 5 . 8 2 5 5 7 . 2 m 2 5 5 5 . 8 4 Sc I I C D A r
2 5 5 3 . 4 2 5 5 9 . 8 m 2 5 6 0 . 2 6 Sc I I ( 1 ) A
2 5 6 0 . 3 2 5 6 1 - 7 s 2 5 6 0 . 2 6 Sc 11 ( 1 ) A
2 5 6 1  . 8 2 5 6 3 . 2 S 2 5 6 3 . 2 3 Sc I I ( 1 ) A
2 5 6 3 . 6 2 5 6 5 . 1 u 2 5 6 3 . 2 3 Sc 11 C D
2 5 6 7 . 7 2 5 6 9 . 2 m 2 5 6 7 . 9 8 Al I ( 3 )
2 5 7 4 . 9 2 5 7 6 . 4 s 2 5 7 5 . 1 8 Al I ( 2 ) . 2 5 7 6 . 1 1 Mn I I ( 1 ) ' 1
2 5 7 6 . 0 2 5 7 7 . 5 s 2 5 7 6 .  1 1 Mn 11 ( 1 )
2 5 7 7 . 1 2 5 7 8 . 6 m 2 5 7 8 . 8 1 Mn I I ( 8 9 ) A
2 5 7 7 . 7 2 5 7 9 . 2 s 2 5 7 9 . 1 2 Cr I I ( 2 6 2 ) 8 9
2 5 8 4 . 0 2 5 8 5 . 5 s 2 5 8 5 . 8 8 Fe I I ( 1 ) A
2 5 8 5 . 9 2 5 8 7 . 4 s 2 5 8 5 . 3 8 ' Fe I I ( 1 ) A ;1 ■ i2 5 8 9 . 3 2 5 9 0 . 8 m 2 5 9 0 . 9 4 N I I ( 1 8 )
2 5 8 9 . 9 2 5 9 1  . 4 m 2 5 9 1  . 4 3 Mn I I ( 3 6 )
2 5 9 1 . 6 2 5 9 3 . 1 m 2 5 9 3 . 7 3 Mn 11 ( 1 ) 12 5 9 3 . 2 2 5 9 4 . 7 m 2 5 9 3 . 7 3 Mn 11 C D
2 5 9 3 . 8 8 Na I ( 3 )
2 5 9 6 . 9 2 5 9 8 . 4 w 2 5 9 8 . 3 7 Fe I I ( 1 )
2 5 9 7 . 4 2 5 9 8 . 9 m 2 5 9 9 . 4 0 Fe I I ( 1 )
2 5 9 9 . 0 2 6 0 0 . 5 s 2 5 9 9 . 4 0 Fe 11 C D 1
2 6 0 3 . 1 2 6 0 4 . 6 w 2 6 0 4 . 4 2 Si I I ( 1 5 )
2 6 0 3 . 6 2 6 0 5 . 1 m 2 6 0 5 . 7 0 Mn I I (1 )
2 6 0 5 . 1 2 6 0 6 . 6 s 2 6 0 5 . 7 0 Mn I I ( 1 ) 2 6 0 6 . 0 8 Si I I ( 1 5 )
2 6 0 7 . 0 1 Fe I I ( 1 ) ■I
2 6 0 7 . 2 2 6 0 8 . 7 w 2 6 0 7 . 0 1 Fe 11 C D A
2 6 1 0 . 1 2 6 1 1 . 6 m 261 1 . 2 3 Sc I I "(3) A <
2 o 1 1 . 8 7 Fe I I (1 )
2 6 1 2 . 0 2 6 1 3 . 5 s 2 6 1 1 . 8 7 Fe I I C 1 ) 2 6 1 3 . 8 2 Fe I I ( 1 ) A :
2 6 1 6 . 1 2 6 1 7 . 6 s 2 6 1 7 . 6 6 Ca I ( 3 ) A
2 6 1 7 . 2 2 6 1 8 . 7 w 2 6 1 7 . 6 2 Fe I I (1 ) 2 6 1 8 . 5  He I 8 8
i 'i- i- i 'ti
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REST STAR I I . S . ID STELLAR ID ORDR j
2 6 1 7 . 6 6 Ca I ( 3 )
2 6 1 8 . 4 2 6 1 9 . 9 m 2 6 1 9 . 3 0 Ti ( 5 ) ★ à
2 6 1 8 . 9 2 6 2 0 . 4 m 2 6 2 0 . 4 1 Fe I ( D -
2 6 2 0 . 5 3 He
2 6 2 0 . 0 2 6 2 1 , 5 m 2 6 1 9 . 8 0 Ti I ( 5 ) 2 6 2 1 . 6 7 Fe I C D -
2 6 2 0 . 4 1 Fe 11 ( 1 ) 1
2 6 2 1  . 8 2 6 2 3 . 3 w 2 6 2 1 . 6 7 Fe I I  C l ) 2 6 2 2 . 9 5 He
2 6 2 3 . 7 2 6 2 5 . 2 S - 2 62 5 . 6 6 Fe I C D
2 6 2 4 . 5 2 6 2 6 . 0 ffl 2 6 2 5 . 6 6 F e I I  C l ) 2 6 2 5 . 8 1 He
2 6 2 6 . 5 2 6 2 8 . 0 m 2 6 2 8 . 2 9 Fe I C D
2 6 2 7 . 8 2 6 2 9 . 3 m • 2 6 2 9 . 1 S I I ( 1 1 )
2 6 2 9 . 2 3 H e 42 6 2 8 . 2 2 6 2 9 . 7 m 2 6 2 8 . 2 9 Fe I I  ( 1 )
2 6 2 9 . 4 2 6 3 0 . 9 m 2 6 3 1 . 1 4 Fe I ( D  .
2 6 3 1 . 4 2 6 3 2 . 9 w 2 6 3 1 . 1 4 Fe I I  C D 2 6 3 2 . 3 7 Ti ( 5 ) i
2 6 3 2 . 3  7 Ti I ( 5 ) 2 6 3 3 . 3 8 He
2 6 3 6 . 5 2 6 3 3 . 0 m 2 6 3 8 . 4 6 He
2 6 3 9 . 6 2 6 4 1  . 1 w 2 6 4 1 . 0 9 Ti ( 5 ) 8 7  ^
2 6 4 1 . 0 2 6 4 2 . 5 w 2 6 4 1 . 0 9 Ti I ( 5 )
2 6 4 3 . 4 2 6 4 4 . 9 m 2 6 4 4 . 8 0 He * 4
2 6 4 4 . 3 2 6 4 5 . 8 m 2 6 4 4 . 2 5 Ti I ( 5 ) 2 6 4 5 . 7 0 Ne * ■J
2 6 4 6 . 0 8 Ti I ( 2 9 )
26  4 6 . 6 2 6 4 8 . 1 m 2 6 4 6 . 6 3 Ti I ( 5 ) ★
2 6 5 1  . 6 2 6 5 3 . 1 m 2 6 5 2 . 8 5 H e
2 6 5 2 . 7 2 6 5 4 . 2 n 2 6 5 2 . 4 8 Al I C D j:j2 6 5 9 , 7 2 6 6 1 . 2 w 2 6 6 0 . 7 9 Mg I ( 4 )
2 6 6 0 . 6 2 6 6 2 . 1 w 2 6 6 0 . 3 9 A I I C D 2 6 6 1 . 7 3 C r I ( 8 )
2o 61 . 5 2 6 6 5 . 0 m 2 6 6 3 . 2 7 He
2 6 6 2 . 6 2 6 6 4 . 1 m 2 6 6 3 . 6 7 Cr I ( 8 )
2 6 6 6 . 9 2 6 6 8 . 4 m 2 6 6 8 . 7 1 Cr . I ( 8 )
2 6 6 7 . 7 2 6 6 9 . 2 <n 2 6 6 9 . 1 7 A I I ( 1 )
2 6 6 3 . 4 2 6 6 9 . 9 m 2 6 7 0 . Ü 5 11 ( 1 1 ) A
2 6 7 0 . 7 2 6 7 2 . 2 m 2 6 7 2 . 0 1 V I ( 3 ) A
2 6 7 3 . 4 2 6 7 4 . 9 m 2 6 7 5 . 4 4 Ne ( 1 3 ) 8 6  ^
2 6 7 5 . 3 2 6 7 6 . 7 m 2 6 7 7 . 1 4 He A J2 6 7 6 . 9 2 6 7 8 . 4 m 2 6 7 8 . 1 1 V I ( 3 )
2 6 7 8 . 7 9 Cr I ( 7 ) %
2 6 8 0 . 3 2 6 8 1 . 7 m 2 6 3 0 . 3 7 Na I ( 2 ) 2 6 8 2 . 2 1 S i I ( 2 0 )
2 6 3 1  . 7 2 6 8 3 . 2 m 2 6 8 2 . 9 9 V I ( 3 )
2 6 8 2 . 7 2 6 8 4 . 2 s 2 6 8 2 . 9 9 V I I  ( 3 )
26 8 6 . 2 2 6 8 7 . 7 m 2 6 8 7 . 9 6 V I ( 3 )
2 6 8 7 . 0 2 6 3 8 . 5 rn 2 6 8 8 . 7 2 V I ( 3 ) A2 6 8 8 . 8 2 6 9 0 . 3 w . 2 6 9 0 . 5 6 V I ( 3 )
2 6 9 4 . 1 2 o 9 5 . 6 w 2 6 9 6 . 1 0 He i
2 6 9 7 . 0 2 6 9 8 . 5 s 2 6 9 8 . 4 0 C r I ( 7 ) :
2 6 9 9 . 1 2 TOO. 6 m 2 7 0 0 . 9 4 V I ( 1 ) >
2 7 0 4 . 8 2 7 0 6 . 3 m 2 7 0 6 . 1 7 V I ( 1 ) A
2 7 0 8 . 2 2 7 0 9 . 7 m 2 7 0 9 . 3 4 N I ( 2 2 ) A
2 7 1 4 . 3 2 7 1 5 . 9 s 2 7 1 5 . 6 7 V I ( 1 ) 85





REST STAR I I .  S . 10 STELLAR ID ORDR i
2 7 1 7 . 7 2 7 1 9 . 3 m 2 7 1 9 . 0 3 Fe ( 5 )
2 7 1 9 . 3 9 Ti I ( 1 3 )
2 7 1 9 , 0 2 7 2 0 . 6 w 2 7 1 9 . 0 3 Fe I ( 5 ) 2 7 2 0 . 9 0 Fe ( 5 )
2 7 2 0 . 0 2 7 2 1 . 6 ni 2 7 2 1 . 6 4 Ca ( 2 )
2 7 2 1  . 1 2 7 2 2 . 7 m 2 7 2 0 . 9 0 Fe I ( 5 ) 2 7 2 2 . 2 5 Si I ( 1 9 )
2 7 2 1  . 5 2 7 2 3 . 1 in 2 7 2 1 . 6 4 Ca I ( 2 ) 2 7 2 3 . 1 9 He
2 7 2 3 , 2 2 V I ( 1 )
2 7 2 2 . 7 2 7 2 4 . 3 m 2 7 2 3 . 5 8 Fe I - ( 5 )
2 7 2 5 . 6 2 7 2 7 . 2 s 2 7 . 2 6 . 7 0 Si I ( 1 9 )
2 7 2 6 . 8 2 7 2 8 . 4 m 2 7 2 8 . 6 4 V I (1 ) 'i2 7 3 0 . 0 2 7 3 1  . 6 w 2 7 3 1 . 9 0 Cr ( 7 )
2 7 3 2 . 1 2 7 3 3 . 7 m 2 7 3 3 . 9 1 V I (1 )
2 7 3 4 . 8 2 7 3 6 . 4 m 2 7 3 6 . 4 6 Cr ( 7 )
2 7 3 5 . 3 2 7 3 6 . 9 m 2 7 3 7 . 3 1 Fe ( 5 ) A
2 7 3 7 . 7 2 7 3 9 . 3 s 2 7 3 7 . 3 1 Fe I ( 5 ) A
2 7 3 0 . 0 2 7 3 9 . 6 s 2 7 3 9 . 7 2 V I C1 ) i
2 7 4 1 . 4 2 7 4 3 . 0 s 2 7 4 1 . 1 9 Li I (1 ) 2 7 4 2 . 4 1 Fe ( 5 ) A
2 7 4 3 . 0 2 7 4 4 . 6 m 2 7 4 2 . 4 1 Fe I ( 5 ) 8 4  1
2 7 4 4 . 0 2 7 4 6 . 4 s 2 7 4 6 . 9 1 C I ( 1 5 )
2 7 4 7 . 3 2 7 4 8 . 9 s 2 7 4 8 . 9 8 Cr I ( 6 )
2 7 4 0 . 9 2 7 5 0 . 5 m 2 7 5 0 . 1 4 Fe ( 5 )
2 7 5 0 . 7 2 Cr I ( 6 ) 9
2 7 4 9 . 3 2 7 5 1 . 4 m 2 7 5 0 . 1 4 Fe I ( 5 ) 2 7 5 1 . 7 0 Ti I ( 3 1  )
2 7 5 4 . 9 2 7 5 6 . 5 w 2 7 5 6 . 3 3 Fe ( 5 ) 12 7 5 6 . 8 2 7 5 8 . 4 w 2 7 5 6 . 3 3 Fe I ( 5 )
2 7 6 0 . 5 2 7 6 2 . 1 m 2 7 6 2 . 5 3 Cr I ( 6 )
2 7 6 1  . 7 2 7 ü 3 , 3 m 2 7 6 3 . 8 0 He
2 7 6 4 . 3 2 7 6 5 . 9 m 2 7 6 6 . 5 6 Cr I ( 6 )
2 7 6 5 . 7 2 7 6 7 . 3 m 2 7 6 7 . 2 3 Me A
2 7 7 2 . 9 2 7 7 4 . 5 m 2 7 7 2 . 1 1 Fe I ( 5 ) 8 3  j
2 7 7 3 . 5 2 7 7 5 . 1 m 2 7 7 5 . 0 5 N e
2 7 0 3 . 9 2 7 9 0 . 5 s 2 7 9 0 . 7 7 M g I ( 3 )
2 7 9 3 . 2 2 7 9 4  . 3 s 2 7 9 4 . 3 2 Mn (1 )
2 7 9 3 . 9 2 7 9 5 . 5 s 2 7 9 5 . 5 2 My .1 ( 1 )
2 7 9 6 . 0 2 7 9 7 . 6 s 2 7 9 4 . 8 2 Mn I (1 ) 2 7 9 7 . 9 9 My I ( 3 )
2 7 9 5 . 5 3 My I I ( 1 ) 2 7 9 3 . 2 7 Mn (1 )
2 7 9 3 . 9 2 8 0 0 . 5 m 2 7 9 0 . 2 7 Mn I Cl ) 2 7 9 9 . 2 2 N I ( 2 1  ) A
2 7 9 9 . 4 2 8 0 1 . 0 w 2 8 0 1 . 0 0 M n (1 )
2 0 0 1 . 2 2 3 0 2 - 0 s 2 3 0 1 . 0 8 Mn I (1 ) 2 0 0 2 . 7 0 My I (1 ) A
2 0 U 2 . 6 2 3 0 4 . 2 s 2 3 0 2 - 7 0 My 1 I < 1 ) 2 8 0 4 . 0 7 C I ( 4 3 ) A
2 8 0 3 . 7 2 0 0 5 . 3 m 2 8 0 5 . 0 0 Ti I ( 2 5 ) 8 2
2 8 0 5 . 2 0 C I ( 4 3 )
2 0 0 3 . 1 2 0 0 9 . 7 w 2 3 1 0 . 2 8 Ti I ( 2 5 ) vt
2 0 1 4 . 2 2 0 1 5 . 8 ni 2 8 1 6 . 1 9 A L I ( 7 )
2 0 1 6 . 1 2 0 1 7 . 7 in 2 8 1 7 . 8 4 T i I ( 2 5 ) 9
2 3 2 0 . 4 2 8 2 2 . 0 m 2 3 2 2 . 1 7 Sc I ( 5 ) - 1
28  2 3 . 9 2 0 2 5 . 5 in 2 8 2 5 . 4 4 Ne
2 3 2 5 . 6 2 0 2 7 . 2 1:1 2 8 2 0 . 6 9 Sc I ( 5 )
2 0 2 6 . 9 2 0 2 0 . 5 m - 2 8 2 3 .  1 5 T i I ( 2 5 ) 9
2 8 2 8 . 8 0 T i I ( 2 4 , 2 5 )
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REST STAR I I . S .  ID STELLAR ID
! 2 8 2 9 . 0 7 He ( 1 2 )
2 8 3 4 . 0 2 8 3 5 . 6 m 2 3 3 5 . 2 3 He *
2 8 3 5 . 6 3 Cr I ( 5 )
2 8 3 4 . 8 2 8 3 6 . 4 m 2 8 3 6 . 7 1 C I ( 1 3 )  *
2 8 3 5 . 8 2 8 3 7 . 4 s 2 8 3 7 . 6 0 C I ( 1 3 )  *
2 8 4 1  . 5 2 8 4 3 . 1 m 2 8 4 3 . 2 4 C r 1 ( 5 )  *
2 8 4 6 . 0 2 8 4 7 . 6 m 2 3 4 7 . 7 3 S I ( 1 0 )
2 8 4 7 . 7 2 8 4 9 . 3 m • 2 3 4 9 . 3 3 Cr I ( 5 )
2 3 4 9 . 6 2 3 5 1  . 2 ffl 2 8 5 1 . 0 9 Ti I ( 1 6 )
2 8 5 1 . 3 5 Cr I ( 8 2 )
2 8 5 1 . 7 2 3 5 3 . 3 m 2 3 5 2 . 1 2 -My I ( 1 )
2 8 5 4 . 2 2 8 5 5 . 8 ffl 2 8 5 5 . 6 7 Cr I ( 5 )
2 8 5 8 . 9 2 8 6 0 . 5 m 2 8 6 0 . 9 2 Cr I ( 5 )
2 3 6 0 . 6 2 8 6 2 . 2 ffl 2 8 6 2 . 0 7 Ne
2 8 6 2 . 5 7 Cr I ( 5 )
2 8 6 3 . 2 2 8 6 4 . 3 ffl 2 8 6 5 . 1 0 Cr 1 ( 5 )
2 3 6 4  . 3 2 8 6 6 . 4 ffl 2 8 6 6 . 7 2 C r I ( 5 )
2 8 6 7 . 2 2 8 6 8 . 8 ffl 2 8 6 8 . 7 3 Ti I ( 5 )
2 3 7 1  . 3 2 8 7 2 . 9 ffl 2 8 7 2 , 6 6 Ne *
2 8 7 4 . 7 2 8 7 6 . 3 ffl 2 8 7 6 . 2 4 C r 1 ( 5 )  *
2 8 7 6 . 5 2 8 7 8 . 1 ffl 2 8 7 8 . 4 5 C r 1 ( 5 )
2 8 7 9 . 9 2 8 8 1 . 5 w 2 8 8 1 . 0 1 S I- ( 1 0 )
2 8 8 1 . 5 8 S i ( 4 3 )
2 8 8 5 . 6 2 8 8 7 . 2 ffl 2 8 8 7 . 4 6 Si I ( 1 7 . 0 1 )
2 8 3 7 . 5 2 8 8 9 . 1 111 2 8 8 8 . 9 2 Ti I ( 5 )
2 3 8 9 . 1 2 3 9 0 . 6 ffl 2 3 9 1 . 0 5 Ti I ( 5 )
2 8 9 0 . 6 2 8 9 2 . 2 rn 2 8 9 2 . 2 8 V I ( 1 2 )
2 8 9 2 . 2 2 3 9 3 . 8 ffl 2 8 9 3 . 3 1 V I ( 1 2 )
2 9 0 2 . 3 2 9 0 3 . 9 ffl 2 9 0 4 . 2 3 Si I ( 1 7 )
2 9 0 4 . 2 2 9 0 5 . 8 m 2 9 0 5 . 6 9 Si I ( 1 7 )
2 9 0 7 . 2 2 9 0 8 . 9 ffl 2 9 0 8 . 8 1 V I ( 1 2 )  *
2 9 0 8 . 3 2 9 0 9 . 9 ffl 2 9 0 9 . 9 1 Ti I ( 1 )
2 9 0 9 . 6 2 9 1 1  . 2 ffl 2 9 0 9 . 9 1 Ti  . I I  <1 ) 2 9 1 1 . 4 6 Ne ★
291 1 , 6 2 9 1 3 . 3 ffl 2 9 1 2 - 1 6 Fe I I  ( 1 ) 2 9 1 3 . 0 3 Ti 1 ( 1 ) .  *
2 9 1 3 . 1 7 Ne ( 1 2 )
2 9 1 3 . 3 2 9 1 4 . 9 ffl 2 9 1 3 . 0 8 Ti I I ( 1 ) *
2 9 2 2 . 4 2 9 2 4 . 1 w 2 9 2 4 . 3 0 V I ( 1 0 )
2 9 2 6 . 6 2 9 2 3 . 3 s 2 9 2 8 . 6 3 M g I ( 2 )
2 9 2 8 . 7 2 9 3 0 . 4 ffl 2 9 3 0 . 8 0 V I ( 1 2 )
29 2 9 . 3 2 9 3 1 . 0 w 2 9 2 9 . 0 1 Fe I (1 )
2 9 3 1 -Ü 2 9 3 2 . 7 ffl 2 9 3 2 . 7 2 Ne ( 1 4 )
2 9 3 3 . 0 5 Mn I ( 5 )
2 9 3 2 . 3 2 9 3 4 . 0 ffl 2 9 3 3 . 5 3 T i ( 1 )
2 9 3 3 . 0 2 9 3 4 . 7 ffl 2 9 3 3 . 5 3 Ti I ( 1 ) 2 9 3 4 . 7 2 Nn I ( 5 0 )
29  3 4 . 7 2 9 3 6 . 4 s 2 9 3 6 . 5 0 My I ( 2  )
2 9  3 6 . 4 2 9 3 8 . 1 w 2 9 3 6 . 9 0 Fe I ( 1 )
2 9 3 7 . 4 2 9 3 9 . 1 s 2 9 3 7 . 2 9 Ti 1 ( 1 ) 2 9 3 9 . 3 0 Mn 1 ( 5 )
2 9 3 9 . 7 2 9 4 1 . 4 ffl 2 9 4 1 . 3 4 Fe (1 )
2 9 4 1 . 3 7 V I ( 1 0 )







REST STAR I I . S . ID STELLAR I D
2 9 4 1 . 9 9 Ti I I ( 2 6 )
2 9 4 1  . 0 2 9 4 2 . 7 m 2 9 4 1 . 3 4 Fe I ( 1 )
2 9 4 2 . Ü 2 9 4 3 . 7 w 2 9 4 1 . 9 6 Ti I (1 )
2 9 4 3 . 0 2 9 4 4 . 7 m 2 9 4 4 . 5 7 V I I ( 1 0 )
2 9 4 3 . 2 2 9 4 4 . 9 w 2 9 4 5 . 1 0 He I ( 1 1 )
2 9 4 4 . Ü 2 94 5 . 7 ffl 2 9 4 5 . 4 7 Ti I I ( 2 6 )
2 9 4 5 . 7 2 9 4 7 . 4 ffl 2 9 4 7 . 3 0 Ne I ( 1 1  )• . 2 9 4 7 . 8 8 Fe I (1 )
2 9 4 7 . 3 2 9 4 3 . 9 ffl 2 9 4 7 . 8 8 Fe I ( 1 ) 2 9 4 9 . 2 0 Mn 11 ( 5 )
2 9 4 1 . 3 7 V I I ( 1 0 )
2 9 5 2 . 0 2 9 5 3 . 7 ffl 2 9 5 3 . 7 7 Fe 11 ( 6 0 )
2 9 5 3 . 9 4 Fe I (1 )
2 9 5 2 . 5 2 9 5 4 . 2 w 2 9 5 4 . 7 6 Ti 11 ( 3 4 )
2 9 5 6 . 0 2 9 5 7 . 7 w 2 9 5 7 . 3 7 Fe I (1 )
2 9 5 6 . 5 2 9 5 8 . 2 w 2 9 5 6 . 3 0 Ti I Cl )
2 9 5 7 . 5 2 9 5 9 . 2 w 2 9 5 7 . 3 7 Fe I (1 ) 2 9 5 3 . 9 8 Ti 11 ( 3 4 )
2 9 6 3 . 9 2 9 6 5 . 6 s 2 9 6 5 . T 9 My 11 ( 7 )
2 9 6 5 . 2 6 Fe I (1 )
2 9 6 5 . 3 6 Sc I ( 1 1 )
2 9 6 6 - 5 2 9 6 3 . 2 w 2 9 6 5 . 8 6 Sc I ( 1 1 ) 2 9 6 7 . 8 7 My 11 ( 7 )
2 9 6 6 . 9 0 Fe I (1 ) 2 9 6 8 . 2 3 T i I ( 2 9 )
2 9 6 7 . 9 2 9 6 9 . 6 w 2 9 6 7 . 2 2 Ti I (1 ) . 2 9 6 9 . 0 2 My 11 ( 6 )
2 9 6 8 . 3 2 9 7 0 . 0 ffl 2 9 6 3 . 2 3 Ti I ( 2 9 )
2 9 6 3 , 6 2 9 7 0 . 3 ffl 2 9 7 0 . 1 1 Fe I (1 )
2 9 7 0 . 3 5 Si I ( 4 2 )
2 9 7 0 . 3 7 Ti I ( 2 9 )
2 9 7 0 . 5 1 Fe 11 ( 6 0 )
2 9 6 9 , 7 2 9 7 1  . 4 ffl 2 9 7 1 . 7 0 Mg 11 ( 6 )
2 9 7 0 . 8 2 9 7 2 . 5 ffl 2 9 7 0 . 1 1 Fe I (1 )
2 9 7 0 . 3 7 Ti I ( 2 9 )
2 9 7 1 . 7 2 9 7 3 . 4 ffl 2 9 7 3 . 1 9 Fe I (1 )
2 9 7 2 . 6 2 9 7 4 . 3 w 2 9 7 4 . 0 1 Sc I ( 1 1 )
2 9 7 4 . 7 1 Ne I ( 1 0 )
2 9 7 3 . 3 2 9 7 5 . 5 w 2 9 7 3 . 1 9 Fe I (1 ) 2 9 7 5 . 5 2 N e I
2 9 7 4 . 2 2 9 7 5 . 9 w 2 9 7 4 . 0 1 Sc I ( 1 1 )
2 9 7 8 . 9 2 9 8 0 . 6 ffl 2 9 3 0 . 7 5 Sc I ( 1 1 )
2 9 8 0 . 0 2 9 8 1  . 7 ffl 2 9 3 1  . 6 5 Ni I ( 2 4 )
2 9 8 0 . 6 2 9 8 2 . 3 ffl 2 9 8 0 . 7 5 Sc I ( 1 1 ) 2 9 8 2 . 6 6 N e I ( 9 )
2 9 8 2 . 2 2 9,3 3 ,  9 ffl 2 9 8 1 . 6 5 Ni I ( 2 4 ) 2 9 8 3 . 5 7 Fe I ( 9 )
2 9 8 3 . 3 2 9 8 5 . 0 s 2 9 3 3 . 2 9 Ti I ( 2 9 )
2 9 8 3 . 5 7 Fe I ( 9 )
2 9 8 4 . 6 2 9 8 6 . 3 ffl 2 9 3 6 . 4 7 C r I ( 1 1 )
2 9 8 5 . 9 2 9 8 7 . 6 ffl 2 9 8 5 . 4 6 Ti I ( 2 9 )
2 9 8 7 . 4 2 9 3 9 . 1 w 2 9 8 8 . 9 5 Sc I ( 1 1 )
2 9 8 8 . 1 2 9 8 9 . 8 w 2 9 8 8 . 9 5 Sc I ( 1 1 )
2 9 9 0  . 6 2 9 9 2 . 3 ffl 2 9 9 2 . 4 3 N e I ( 8 )  .
2 9 9 2 . 7 2 9 9 4  . 4 ffl 2 9 9 2 . 6 0 Ni I ( 2 5 ) 2 9 9 4 . 4 3 Fe I ( 9 )
2 9 9 9 . 0 3 0 0 0 .  7 w 3 0 0 0 . 3 3 C r I ( 1 1 )
3 0 0 0 - 9 5 Fe I ( 9 )




REST STAR I . S .  ID STELLAR ID
3 0 0 0 . 9 5 Fe I ( 9 )
3 0 0 2 . 3 3 0 0 4 . 0 m 3 0 0 2 . 4 9
3 0 0 2 . 7 3
Ni
Ti
I ( 2 4 )  
I ( 2 9 )
3 0 0 5 - 1 3 0 0 6 . 8 w 3 0 0 6 . 8 3 N XL ( 1 8 )
3 0 0 6 . 4 3 0 0 3 . 1 w 3 0 0 8 . 1 4 Fe I ( 9 )
3 0 0 7 . 8 3 0 0 9 . 5 w 3 0 0 8 . 1 4 Fe I ( 9 )
3 0 1 1 . 4 3 0 1 3 . 1 m 3 0 1 2 . 9 6 Ne I
3 0 1 3 . 5 3 0 1 5 . 2 ffl ■ • 3 0 1 5 . 3 6 Sc I ( 1 0 )
3 0 1 5 . 6 3 0 1 7 . 3 w 3 0 1 5 . 3 6 Sc I ( 1 0 ) 3 0 1 7 . 3 5 Ne I
3 0 1 6 . 1 3 0 1 7 . 8 ffl 3 0 1 7 . 6 3 Fe I ( 9 )
3 0 1 7 . 3 3 0 1 9 . 5 ffl 3 0 1 7 . 6 3 Fe I ( 9 ) 3 0 1 9 . 3 5 Sc I ( 1 0 )
3 0 1 9 . 2 3 0 2 0 . 9 w 3.01 9 . 3  5 Sc I ( 1 0 ) 3 0 2 0 . 7 5 Fe r ( 9 )
3 0 1 9 . 8 3 0 2 1 . 5 ffl 3 0 2 1 . 5 6 C r I ( 2 7 )
3 0 2 0 . 7 3 0 2 2 . 4 . '’J 3 0 2 0 . 7 5 Fe I ( 9 )
3 0 2 2 . 2 3 0 2 3 . 9 ffl 3 0 2 3 . 6 7 N 11 ( 3 5 )
3 0 2 4 . 7 3 0 2 6 . 4 ffl 3 0 2 5 - 8 4 Fe I ( 9 )
3 0 2 6 . 2 3 0 2 7 . 9 ffl 3 0 2 5 . 3 4 Fe I ( 9 )
3 0 2 9 . 0 3 0 3 0 . 7 ffl 3 0 3 0 . 7 7 Sc I ( 1 0 )
3 0 3 0 - 7 3 0 3 2 . 4 w 3 0 . 3 0 . 7 7 Sc I ( 1 0 ) 3 0 3 2 . 4 4 Ni I I ( 3 )
3 0 5 6 . 2 3 0 3 7 . 9 ffl 3 0 3 7 . 3 9 Fe I ( 9 )
3 0 3 7 . 4 3 0 3 9 . 1 ffl 3 0 3 7 . 3 9 Fe I ( 9 )
3 0 4 3 . 3 3 0 4 5 . 0 w 3 0 4 3 . 3 4 V I ( 1 7 )
3 0 4 4 . 0 3 0 4 5 . 7 w 3 0 4 5 . 9 5 N e I
3 0 4 4  . 9 3 0 4 6 . 6 w 3 0 4 4 . 9 4 V I ( 1 7 )
3 0 4 5 . 6 3 0 4 7 . 3 w 3 0 4 7 . 6 1 Fe I ( 9 )
3 0 5 1 - 1 3 0 5 2 . 8 ffl 3 0 5 0 . 8 2 Ni I ( 2 5 )
3 0 5 1 . 6 3 0 5 3 . 3 w 3 0 5 2 . 1 9 V I ( 1 5 )
3 0 5 3 . 7 3 0 5 5 . 4 ffl 3 0 5 3 . 6 5 V I ( 1 7 )
3 0 5 4 . 5 3 0 5 6 . 2 ffl 3 0 5 4 . 3 2 Ni I ( 2 5 )
3 0 5 7 . 4 3 0 5 9 . 1 w 3 0 5 7 . 4 0
3 0 5 7 . 6 4
Ti
Ni
I ( 5 )
I ( 2 4 )
3 0 5 9 . 0 9 Fe I ( 9 )
3 0 6 0 . 1 3 0 6 1  . 8 s ■ 3 0 5 9 . 0 9  
3 0 5 9 . 7 4  




I ( 9 )
I I  ( 5 )  
( 1 5 )
5 0 6 3 . 2 3 0 6 4 . 9 w 3 0 6 4 . 6 2 Ni I ( 2 4 )
3 0 6 4 . 6 3 0 6 6 . 3 ffl 3 0 6 4 . 4 6
3 0 6 4 . 6 2
V I 
Ni
( 1 7 )
I ( 2 4 )
3 0 6 6 . 2 7 Ti I I ( 5 )
3 0 6 6 . 5 3 0 6 8 . 3 ffl 3 0 6 6 . 2 7
5 0 6 6 . 4 0
Ti  
V I
I I  ( 5 )  
( 1 5 )
3 0 6 9 . 6 3 0 7 1 . 4 ffl 5 0 6 9 . 6 5 V I ( 1 5 )
3 0 7 0 . 7 3 0 7 2 . 5 ffl 3 0 7 2 . 6 0 T i 11 ( 5 )
3 0 7 3 . 1 3 0 7 4 . 9 ffl 3 0 7 2 . 6 0
3 0 7 3 . 8 2
Ti  
V I
I I  ( 5 )
( 1 5 )
3 0 7 5 . 2 3 Ti 11 ( 5 )
3 0 7 5 - 3 3 0 7 7 . 1 ffl 3 0 7 5 . 2 3 Ti I I  ( 5 ) 3 0 7 6 . 9 7 Ne ■ I
5 0 7 6 . 6 3 0 7 8 . 4 ffl 3 0 7 8 . 6 5 T i 11 ( 5 )
3 0 7 8 . 3 3 0 8 0 . 1 ffl 3 0 7 8 . 6 5 Ti 11 ( 5 )
33  8 1 - 4 3 0 8 3 . 2 ffl 3 0 8 0 . 1 5  
3 0 8 0 . 7 6
V I 
Ni
( 1 5 )
I ( 2 4 )
308. 5 . 9 3 0 8 7 . 7 ffl 3 0 8 8 . 0 3 Ti 11 ( 5 )






REST STAR I i . s .  10 STELLAR ID
3 0 9 0 . 9 3 0 9 2 . 7 ffl 3 0 9 0 . 4 0 V I ( 1 5 )
3 0 9 1  . 4 3 0 9 3 . 2 m 3 0 9 1 . 4 5 V I ( 1 5 )
30 9 5 . 3 3 0 9 7 . 1 w 3 0 9 6 . 7 7 Sc I I ( 6 )
3 1 0 1  . 4 3 1 0 3 . 2 m 3 1 0 1 . 5 5 Ni I ( 2 5 )
3 1 0 3 . 6 3 1 0 5 . 4 s 3 1 0 4 . 7 6 Mg I I ( 6 )
3 1 0 8 . 1 3 1 0 9 . 9 m 5 1 0 9 . 9 2 Ti  I I ( 5 5 )
3 1 0 9 . 3 3 1 1 1 . 6 w 3 1 1 1 . 6 1 Fe I I I ( 8 )
3 1 1 2 . 5 3 1 1 4 . 3 s • 3 1 1 4 . 4 9 Fe 11 ( 8 2 )
3 1 1 3 . 5 3 1 1 5 . 3 m 3 1 1 5 . 6 5 Cr I I ( 4 6 )
3 1 1 4 . 5 3 1 1 6 . 3 s 3 1 1 6 . 5 9 Fe 11 ( 3 2 )
3 1 1 6 . 6 3 1 1 3 . 4 m 3 1 1 8 . 6 5 Cr I I ( 5 )
3 1 1 8 . 1 3 1 1 9 . 9 ffl 3 1 1 8 . 2 5 Co I ( 1 1 ) 3 1 1 9 . 8 0 Ti  I I ( 6 7 )
3 0 2 0 . 3 7 Cr I I ( 5 )
3 1 2 1 . 8 3 1 2 3 . 6 ffl 3 1 2 1 . 5 7 Co I ( 1 1 ) 3 1 2 3 . 2 9 Ca 11 ( 1 0 )
3 1 2 1 . 6 0 Ti I I  ( 4 )
3 1 2 2 . 8 3 1 2 4 . 6 ffl 3 1 2 4 . 9 8 Cr I I ( 5 )
3 1 2 7 . 0 3 1 2 3 . 8 w 3 1 2 8 . 7 0 Cr I I ( 5 )
3 1 2 8 . 5 3 1 3 0 . 3 ffl 3 1 3 0 . 8 0 Ti  n ( 4 )
3 1 2 9 . 8 3 1 3 1 . 6 ffl 3 1 3 1 . 5 4 Cr I I ( 5 3 , 5 5 )
3 1 3 1 . 1 5 1 3 2 . 9 ffl 3 1 3 0 . 6 3 Be I I  ( 1 ) 3 1 3 3 . 1 0 Sc  I I ( 3 9 )
3 1 3 0 . 3 0 Ti I I  ( 4 )
3 1 3 4 . 6 3 1 3 6 . 4 ffl 3 1 3 4 . 1 1 Co I ( 2 5 ) 3 1 3 6 . 6 8 Cr I I ( 5 )
3 1 3 3 . 0 3 1 3 9 . 8 ffl 3 1 3 9 . 9 1 Cr I I ( 5 4 )
3 1 4 3 . 4 3 1 4 5 . 2 ffl 3 1 4 3 . 7 6 Ti I I  ( 4 )
3 1 5 0 . 4 3 1 5 2 . 2 ffl 3 1 5 2 . 2 5 Ti  11 ( 1 0 )
3 1 5 1  . 9 3 1 5 3 . 7 s 3 1 5 4 . 2 0 Ti  I I ( 1 0 )
3 1 5 3 . 3 5 1 5 5 . 6 ffl 3 1 5 5 . 6 7 T i I I ( 1 0 )
3 1 5 5 . 4 3 1 5 7 . 2 ffl 3 1 5 7 . 5 2 Cr I I ( 9 3 )
3 1 5 6 . 6 3 1 5 3 . 4 ffl 3 1 5 7 . 4 0 Ti I I  ( 4 ) 3 1 5 8 . 0 3 Cr I I ( 7 0 )
3 1 5 8 . 8 7 Ca I I ( 4  )
3 1 6 0 . 0 3 1 6 1  . 8 w 3 1 6 1 . 9 5 Fe 11 ( 7 )
3 1 6 0 . 6 3 1 6 2 . 4 m 3 1 6 2 . 5 7 T i I I ( 1 0 )
3 1 6 1  . 8 3 1 6 3 . 6 ffl 3 1 6 3 . 0 9 Fe I I ( 7 )
3 1 6 3 . 6 3 1 6 5 . 4 w 3 1 6 5 . 6 2 C I I ( 9 )
3 1 6 4 . 2 3 1 6 6 . 0 ffl 3 1 6 6 . 2 2 Fe 11 ( 7 9 )
3 1 6 5 . 7 3 1 6 7 . 5 w 3 1 6 7 . 8 5 Fe I I ( 6 6 )
3 1 6 6 . 4 3 1 6 3 . 2 ffl 3 1 6 8 . 5 2 Ti  I I ( 1 0 )
3 1 6 7 . 5 3 1 6 9 . 3 w 3 1 6 9 . 2 0 Cr I I ( 1 2 3 )
3 1 6 8 . 4 3 1 7 0 . 2 w 3 1 7 0 . 3 4 Fe I I ( 6 )
3 1 7 0 . 3 3 1 7 2 . 6 ffl 3 1 7 2 . 7 9 Mg I I (1 3)
3 1 7 4 . 9 3 1 7 6 . 7 ffl 3 1 7 6 . 2 7 He I
3 1 7 5 . 6 3 1 7 7 . 4 ffl 3 1 7 7 . 5 3 Fe I I ( 8 2 )
3 1 7 9 . 5 3 1 8 1 . 3 s 3 1 8 1 . 4 3 Cr I I ( 9 )
3 1 3 0 . 8 3 1 3 2 . 6 ffl 3 1 8 2 . 5 7 Ti  I I ( 1 2 2 )  .
3 1 8 3 . 0 3 1 8 4 . 8 S 3 1 8 4 . 0 9 Ti  I I ( 3 )
3 1 8 5 . 2 9 He I
3 1 8 4 . 7 3 1 3 6 . 5 ffl 3 1 8  4 . 0 9 Ti I l  ( 3 ) 3 1 8 6 . 7 4 Fe 11 ( 6 )
3 1 8 5 . 2 3 1 3 7 . 0 s 3 1 3  5 . 4 0 V I ( 1 4 )
3 1 8 6 . 0 3 1 8 7 . 8 s 3 1 8 6 . 4  5 T i I ( 2 7 ) 3 1 8 7 . 7 4 He I ( 3 )
3 1 9 4 . 4 3 19 6 . 2 ffl 3 1 9 6 . 0 7 Fe I I ( 7 )
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REST STAR I I . S . ID STELLAR I D
3 1 9 5 . 2 3 1 9 7 . 0 s 3 1 9 6 . 7 4 He I
3 1 9 7 . 0 4 Cr I I ( 9 )
3 1 9 3 . 3 3 2 0 0 . 1 s 3 1 9 3 . 0 1 V I ( 1 4 )
■ 3 1 9 3 . 7 3 2 0 0 . 5 s 3 2 0 0 . 4 5 Cr I I ( 1 1 4 )
3 2 0 0 . 6 3 2 0 2 . 4 s 3 1 9 9 . 9 2 Ti I ( 2 7 ) 3 2 0 3 . 4 4 Ti I I ( 3 )
3 2 0 1 . 9 3 2 0 3 . 7 m 3 2 0 3 . 8 7 Si 11 ( 7 )
3 2 0 3 . 3 3 2 0 5 . 1 m 3 2 0 3 . 4 4 Ti I I  ( 3 ) 3 2 0 5 . 1 1 Cr I I ( 1 1 4 )
3 2 0 3 . 8 3 Ti I, ( 2 7 )
3 2 0 8 . 1 3 2 0 9 . 9 s 3 2 1 0 . 0 3 Si I I ( 7 )
3 2 0 9 . 5 3 2 1 1 . 3 w 3 2 1 1 . 5 7 H e I
3 2 1 1 . 4 3 2 1 3 . 2 w 3 2 1 3 . 3 1 Fe 11 ( 6 )
3 2 1 3 . 1 3 2 1 4 . 9 w 3 2 1 3 . 1 5 Ti I I  ( 3 ) 3 2 1 4 . 7 5 Ti 11 ( 3 )
3 2 1 4 . 0 3 2 1 5 . 8 w 3 2 1 4 . 2 0 Ti I ( 2 7 )
3 2 1 4 . 7 5 Ti I I  ( 3 )
3 2 1 5 . 2 . 3 2 1 7 . 0 m 3 2 1 7 . 0 6 Ti I I ( 2 )
. 3 2 1 7 . 6 3 2 1 9 . 4 r.i 3 2 1 7 . 0 6 Ti I I  ( 2 )
3 2 1 7 . 1 2 V I ( 1 4 )
3 2 1 3 . 1 3 2 1 9 . 9 ffl 3 2 1 9 . 7 9 Or I I ( 6 3 )
3 2 1 8 . 3 3 2 2 0 . 6 m 3 2 2 0 . 4 7 Ti 11 ( 9 )
3 2 1 9 . 7 5 2 2 1  . 5 w 3 2 2 1 . 7 6 Ti 11 ( 4 6 )
3 2 2 0 . 4 3 2 2 2 . 2 w 3 2 2 2 . 8 3 Ti 11 ( 2 )
3 2 2 2 . 3 3 2 2 4 . 1 s 3 2 2 2 . 8 3 Ti I I  ( 2 ) 3 2 2 4 . 2 4 Ti 11 ( 8 4 )
3 2 2 5 . 3 3 2 2 7 . 6 s 3 2 2 7 . 7 3 Fe I I ( 6 )
3 2 2 6 . 7 3 2 2 8 . 5 m 3 2 2 6 . 1 1 V I ( 1 4 ) 3 2 2 8 . 6 1 Ti I I ( 2 4 )
3 2 2 6 . 2 7 Ti I ( 2 7 )
3 2 2 6 . 7 7 Ti I I  ( 3 )
3 2 2 7 . 7 3 2 2 9 . 5 w 3 2 2 9 . 1 9 Ti I I ( 2 )
3 2 2 9 . 1 3 2 3 0 . 9 m 3 2 2 9 . 1 9 Ti I I  ( 2 ) 3 2 3 1 . 2 7 H e I
3 2 3 0 . 3 3 2 3 2 . 1 s 3 2 3 1 . 6 4 Cr I I ( 1 2 2 )
3 2 3 1 . 0 3 2 3 2 . 8 s 3 2 3 2 . 7 9 Fe 11 ( 1 1 9 )
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N otes to  ta b le  4*2
♦ denotes th a t th e  l in e  i s  common to  both orders  
S trength  o f  l in e s  ( l )  s -  s tron g
ra — medium 
w -  weak
Apart from th e  s t e l l a r  l in e s  ex p ected , th ere  i s  ev idence o f  a 
co o l o u ter  atmosphere to  HD I 68476, su ggested  by th e  l in e s  o f  S i ly  |
Ca I ,  TÎ r , Cr I  and Fe I .  Resonance l in e s  o f  atoms in  a h igh er  
sta g e  o f  io n is a t io n  are a ls o  v i s i b l e  both in  th e in t e r s t e l l a r  
medium and in  th e  s t a r .  The l in e  p r o f i l e s  show no ev id en ce o f  
asymmetry or P Cygni p r o f i l e s ,  which would be exp ected  i f  th ere  
were mass l o s s .  T his confirm s th e f in d in g  o f  Lynas-Cray, Walker 
& H i l l  ( 1979) from th e  low d isp e r s io n  sp ec tra .. The spectrum was 
con sid ered  g e n e r a lly  to  be to o  weakly exposed fo r  th e  measurement 
o f  eq u iv a len t w idths to  have any u se fu l v a lu e , hence th e  rough 
in d ic a t io n  o f  the s tren g th  o f  th e l in e  in  ta b le  4 .2 .  The 
w avelengths were measured to  an accuracy o f  40 .2  A by in sp e c tio n  
o f  th e  overlap  r e g io n s . The l in e  id e n t i f ic a t io n s  su ggested  th a t  
some w avelengths may have la r g e r  erro rs  due to  th e weakness o f  th e  
l i n e s ,  but th e  p o s s i b i l i t y  o f  l in e  s h i f t s  cannot be exclu d ed .
H opefu lly  a more exposed spectrum w i l l  c la r i f y  t h i s  problem.
Some o f  the in t e r s t e l l a r  l i n e s ,  n o ta b ly  Mg I I  and Fe I I ,  
appeared to  be very  stro n g  and fo r  th ese  an e stim a te  o f  the  
eq u iv a len t w idth was made u s in g  a p lan im eter (see  ta b le  4 * 3 ).
E quivalent w idths fo r  th e Na I IT l in e s  were taken from ta b le  5 •5»
The doublet r a t io  method o f  StrOmgren ( 1948) gave a va lu e  fo r  the  
abundance o f  Na I  as a column d e n s ity  from the l in e s  at 589OA and 
5896A (Lynas-Gray, 1 9 7 9 ). In th a t paper StrOhgren gave a formula
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fo r  th e  oolumn d e n s ity  c a lc u la te d  from an un satu rated  l i n e .
N = o 1 w( X):
Ik  ^ k
where q^ are th e  s t a t i s t i c a l  w eigh ts and a^^ i s  th e  t r a n s it io n  
p r o b a b ility  fo r  th e  l i n e .
This i s  eq u iv a len t to  th e  form ula g iven  by Morton ( 196T) u s in g  
th e  o s c i l l a t o r  stren g th . * f* .
N » m^o  ^ w (^  )
t r  e^ f t? f
The s t a t i s t i c a l  w e ig h ts , t r a n s it io n  p r o b a b il i t ie s  and o s c i l l a t o r  
s tr en g th s  were taken  from Morton (1979)* Where more than one l in e  
o f  an io n  was measured th e  in d iv id u a l column d e n s i t ie s  are shown 
in  ta b le  4*3 as w e ll  as th e mean v a lu e . A lso shown in  ta b le  4 .3  
are th e  oolumn d e n s i t ie s  found by Morton (1975) fo r  Ç Oph..
These data were ob ta in ed  from h igh  r e s o lu t io n  scans w ith  th e 7
's:u l t r a v io le t  spectrom eter on th e  Copernicus s a t e l l i t e .  Morton 
found column d e n s i t ie s  fo r  21 elem ents in  v a r io u s  s ta g e s  o f  
io n is a t io n ,  and put upper l im it s  on a fu r th e r  5 elem en ts and 11 
m o lecu les . U sing Hobb*s (1974) r e la t io n s h ip  between E:(B-W) and 
lo g  ïï(Na l )  i t  was found
fo r  HD 168476 B(B-T)' = 0 .1 3  lo g  N(Na l )  = 1 3 .0
fo r  S Oph. B(B-V)' =0.32 lo g  N(Wa l )  = 13-7
These v a lu es  agree w e ll w ith  th ose  shown in  ta b le  4 -3 , so th a t  
th e v a lu e s  shown th ere  fo r  o th er  io n s  are taken as r e p r e se n ta tiv e
o f  th e  in t e r s t e l l a r  medium. n
•     " —L . ; l , : ! 1. f- - ■■ •_
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Tkble 4-3  I n t e r s t e l la r  column d e n s it ie s  d er ived  from u l t r a v io le t  
l in e s
Ion % w(X), lo g  N (cm~ )IÂ7 (A) HD 168476 Ç Oph.
Na I 5890/96 0 , 655/ 0 .3 2 7 12 .5 13-9Mg I 2852,13 0 .3 0 7 1 2 .4 14 .2Mg I I 2795.53 1 .0 0 1 3 .42802,70 1 .00 13-7mean 13-6 15-0
S i I 2506,90 0 .1 3 6 13 .6
2514.32 0 .1 2 8 13 .2
mean 1 3 .4 6 1 2 .6Ti I I 3078,65 0 .1 2 6 13-1 11 .5V I 3069.65 0 .182 14 ,2
3090,40 0 .1 4 8 13-4mean 1 3 ,8 < 1 1 .1
Mn 11 2576.11 0 .3 2 8 13-3
2593.73 0 .2 2 3 ■ 13 .22605.70 0 .3 8 4 13-6mean 1 3 .4 1 3 ,3Pè I I 2585 .88 0 .3 8 2 14 .1 14 .6
In sp ectio n  o f  th e  r e s u l t s  shows th a t a lthough th e  answers must 
he regarded as v ery  u n cer ta in  due to  th e poor q u a lity  o f  the  
spectrum , i t  would appear th a t n eu tra l sodium and magnesium are 
norm ally abundant, but th a t th e  o th er  io n s examined are overabundant 
when allow ance i s  made fo r  th e  low er in t e r s t e l l a r  reddening o f  
HD 168476, This may be ev id en ce o f  mass lo s s  in  th e  s ta r  a t some 






5  EQUIVALENT WIDTHS FROM THE VISIBLE SPECTRUM
5 .1  In trod u ction
As noted  in  chapteir 1 , H i l l  ( 1965) made a coarse a n a ly s is  o f  
HD 168476; and UchOnLemer & Wolf (1974) d id  a d i f f e r e n t ia l  
a n a ly s is  on HD;168476 r e la t iv e  to  HD 124448. The tem perature 
th ey  determ ined was v ery  s im ila r  to  th a t found hy H i l l ,  hut the
su rface  g r a v ity  was a fa c to r  o f  ten  d i f f e r e n t .  Sp ectra  were
o b ta in ed  fo r  a f in e  a n a ly s is  from sev e r a l d if fe r e n t  so u rces .
The tr a c in g s  o f  fou r  Coudé sp e c tr a , taken on th e 1.5m ESO 
t e le s c o p e , were k in d ly  loaned to  th e  w r ite r  by P ro f. K. Hiinger 
and Dr. J . P . Kaufmann @Eiel and West B er lin  U n iv e r s it ie s  
r e s p e c t iv e ly ) .  S evera l sp e c tra  were g iven  to  th e  w r ite r  by Di*.
P. W. H i l l .  These sp ec tra  had been used  in  h is  1965 a n a ly s is  
and were takem w ith  the R a d c liffe  1.9m t e le s c o p e . In a d d it io n , 
sp e c tra  o f  s e v e r a l w avelength reg io n s o f  HD I 68476 were ob ta in ed  
w ith  th e 3 . 9m A n glp -A u stra lian  te le sc o p e  ('AAT') by Dr. A. E.
Lynas-Gray and th e  w r ite r . The s t e l l a r  l in e s  were id e n t i f ie d  
u s in g  Moore (1945) w ith  th e  w avelength r e v is io n  fo r  S i I I  and 
S i I I I  l in e s  from Moore ( 1965); fo r  C I I  l in e s  from Moore ( 1970) 
and fo r  N I I  l in e s  from Moore (1975)* Some Ne I l in e s  were ■ I
taken fr o #  H arrison ( 1969) and some He I l in e s  were taken from |
H il l  ( 1964) » The w avelength s c a le s  on th e sp ec tra  were co rrected
fo r  th e  s t a r ' s  r a d ia l v e lo c i t y .
5'.2 AAT" sp ectra
Of th e th ree  n ig h ts  a l lo c a te d  in  1977 June to  Drs Lynas-Gray,
H il l  and the w r ite r , on ly  seven hours were u sa b le . P r io r  to  the  
o b serv in g , a s e t  o f  the copper-argon arc sp ec tra  was obtained
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from Dr. R-. Fosbury and th e w avelengths id e n t i f ie d  in  th e reg ion  
from 3200A to  8000A. Dr. Fosbury had a lread y  id e n t i f i e d  most o f  
the l in e s  in  th e  reg io n  between 3200A and 4500A, and th e se  were 
confirm ed. T his id e n t i f i c a t io n  was e s s e n t ia l  fo r  th e  rep eated  
scans o f  c e r ta in  w avelength reg io n s  to  examine any v a r ia t io n  in  
th e  l i n e s .  A graph and l i s t  o f  c e n tr a l w avelength a g a in st  
g r a tin g  angle p o s it io n  and c o llim a to r  fo cu s was prepared to  
f a c i l i t a t e  moving to^a new w avelength reg io n  w h ils t  a llo w in g  fo r  
some overlap  w ith  th e  o ld .
The Royal Greenwich O bservatory ( RGO) spectrograph w ith  the  
82cm camera was u sed  w ith  th e  Image Photon Counting System flPCS) 
to , make the o b serv a tio n s  (AAT Observers Guide, 1 9 7 6 IPGS 
O perating N o tes, 1977)* G rating 1 was used; b la ze  a t ^OOOA and 
d isp e r s io n  10 A/mm. TWo d ata  windows (A and B) were s e t  up (see  
f ig u r e  5 * l)*  The s ta r  was observed through one window and sky 
through th e o th e r . The cou n ts r ec e iv ed  cou ld  be d isp la y ed  on a 
v id eo  term in a l. When s u f f i c i e n t  counts were accum ulated, th e  
scan was term inated  and th e s ta r  was moved to  the o th er  data  
window u s in g  th e te le s c o p e  beam switching f a c i l i t y .  O bservations  
were made in  th e one-d im ensional mode so th a t l in e s  a cro ss  the  
data window were added up to  g iv e  a s in g le  spectrum . A sequence 
o f  f iv e  sp ec tra  were taken a t each g r a tin g  a n g le , a lte r n a t in g  
th e data windows. T his sequence was preceded and fo llo w ed  by an 
arc exp osu re. About 300A was v i s i b l e  a t each g r a tin g  angle  
p o s it io n .
Ten sp ec tra  were ob ta in ed  cover in g  th e  w avelength reg io n s
4
3610A to  4262A, 4275A to  4693A and 5485A to  6583A. Three scans 
o f  th e reg ion  between 4352A and 4617A were obtained  and two scans 

















Figure 5-1 Sketch of VDU showing 
data windows A and B
3
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made a t the A n g lo -A u stra lian  O hservatory (AAO). A co rr e c tio n  
fo r  th e  v a r ia t io n  in  cathode response was made u s in g  o b serv a tio n s  
o f  a tu n g sten  lamp e m itt in g  continuous r a d ia t io n . The sky counts  
were removed from each channel and then th e sp e c tra  from each s e t  
o f  f iv e  scans added up. The quantum n o ise  ob ta in ed  in  the  
superim posed spectrum was about 3^*
A program fo r  u se w ith  th e  U n iv e r s ity  o f  S t., Andrews IBM 
3 6 0 /4 4  oomputerr.was developed  by Dr. A. B. Lynas-Gi*ay. T his  
removed the h igh  frequency n o is e  u s in g  th e Pourier-Transform  
techniq ue d escr ib ed  in  Gray ( Ï 9 7 6 )  and th e in stru m en ta l p r o f i l e .
An unblended arc l i n e ,  which was sym m etrical and u n sa tu ra ted , near  
th e middle o f  th e w avelength reg io n  observed was used  a s ■an 
approxim ation to  th e  in stru m en ta l p r o f i l e .  The arc l in e s  were 
id e n t i f i e d  so th a t th e  s t e l l a r  spectrum could  be l in e a r is e d  in  
w avelen gth . The continuum was drawn in  on th e spectrum p lo t  
and then  s u f f i c i e n t  p o in ts  d ig i t iz e d  fo r  use w ith  a s p l in e -  
f  u n ctio n  so th a t eq u iv a len t w idths could  be c a lc u la te d  fo r  l in e s  <
w ith  no w in gs. I t  was p o s s ib le  to  put in  p r o f i l e s  fo r  the stron g  
helium  l in e s  in  a s im ila r  manner, so th a t more accu rate  v a lu es  
fo r  t h e ir  eq u iv a len t w id th s, and th ose  o f  the l in e s  a f fe c te d  by 
them, cou ld  be ob ta in ed .
5 .3  ESO and R a d c liffe  Coudé sp ec tra  
5 . 3a ESO
Pour sp ectra  o f  HD 168476  were taken on the ESO 1 . 5m te le sc o p e  
at La S i l l a ,  C hile  by Dr. J . P. Kaufmann as part o f  P ro f. K.
Hunger*s ob serv in g  programme. The em ulsion used  was IlaO and the  
d isp e r s io n  was 20 A/mm. D e ta ils  o f  the p la te s  are shown in  
ta b le  5 .1 .
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Tàble 5*1 ESO Coudé sp eo tra  used
P la te Date S ta rt tim e (UT) End time
E 753 6th  May 1972 30^ 52*" 32*^ 16""
F 755 8th  May 1972 27^ 44”^ 28^ 53"^
B’ 1288 12th Sept 1973 26^ 54"* 28^ 34^ "
F 1297 15th Sept 1973 26*^ 44"^ 28^ 44”™
R éductions
The p la te s  were c a lib r a te d  and th e  sp ec tra  converted  to  
in t e n s i t y  in  th e  manner d esr ib ed  by Schbnbem er & Wolf fl9 7 4 )*  
The fou r  sp ec tra  were then superim posed and p lo t t e d , w ith  the  
r e s u lt in g  chart b e in g  loaned  to  th e  w r ite r  fo r  a n a ly s is .  The 
s p e c tr a l reg ion  covered was between 36IOA and 4925A, w ith  
e q u iv a len t w idths measured from 3730A to  4760A. As in  the f in e  
a n a ly s is  o f  HD 124448 (Sbhbnbem er & W olf, 1974) and BD>-9®4395 
(Kaufmann & Sbhbnbem er, 1977) th e  eq u iv a len t w idths were 
measured w ith  a p la n im eter . The p lan im eter  was checked fo r  
accuracy by m easuring se v e r a l prepared areas p lo t te d  on the  
U n iv e r s ity  o f  S t .  Andrews IBM 360/4 4  m achine. Bach sp e c tr a l  
l in e  was measured in  both  th e  c lock w ise  and a n ti-c lo c k w ise  
d ir e c t io n  w ith  th e  areas checked to  ensure agreem ent.
I
I
5#3b R a d c liffe
S evera l o f  th e  p la te s  taken w ith  th e 1.9m R a d c liffe  te le sc o p e  
and used  by H il l  ( 1964, 19^5) iu  h is  coarse a n a ly s is  o f  HD 168476 
were u sed  by th e w r ite r  in  th e a n a ly s is .  The p la te s  are l i s t e d  
in  ta b le  $ .2 .  ’
.  1- - ' ij ■ v :  n  1 ■.r's'ïïiîl»'. -, i-iJ ■i::.'
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Table 5 .2  R a d c liffe  Coudé sp e c tr a  used
P la te Date Emulsion Observer
D^ 49 9th  June i 960 103a0 A.D. Thackeray
D2T, 135 7th  Sept i 960 103a0 A.D. Thackeray
DZ 332 25^th Ju ly  1961 IlaO P.W. H il l
DZ 336 26th  Ju ly  1961 IlaO P.W. H il l
DZ 341 25th  Aug 1961 UaO P.W. H il l
Reductions
These p la t e s  were scanned on th e  RGO PDS m icrodensitom eter, 
a v ery  q u ick  and e f f i c i e n t  system  under th e  c o n tro l o f  a  
m inicom puter. Dr. jr. P ilk in g to n  (RG0)'< in s tr u c te d  th e  w r ite r  in  
th e  use o f  the in stru m en t, which was s e t  up to  record  d e n s ity  as 
a fu n c tio n  o f  p o s it io n  on th e  p la t e ,  data b e in g  s to red  on a 
7 -tra c k  magnetic:' ta p e . A sequence o f  upper arc spectrum , c le a r  
p la t e ,  s ta r  spectrum , low er arc spectrum was u sed , w ith  any 
c a l ib r a t io n  sp o ts  or  s te p  wedge a s so c ia te d  w ith  th e  s ta r  spectrum  
b e in g  scanned as w e l l .  A check o f  upper and low er arc sp ectra  
showed th a t th e equipment compensated com p lete ly  fo r  b ack lash . 
Each p la te  was in d iv id u a lly  fo cu sed  and adjustm ents made so th a t  
th e c le a r  p la te  gave a read in g  o f  about 20 on “èhe d e n s ity  s c a le ,  
to  avoid  any n eg a tiv e  numbers occu rin g  in  th e scan .
The 7 -traok  tape was converted  to  a 9 -tra c k  tape su ita b le  fo r  
use w ith  th e U n iv e r s ity  o f  S t .  Andrews IBM 3 6 o /4 4  computer by th e  
U n iv e r s ity  Computing A dvisory S e r v ic e . I t  tra n sp ired  th a t the  
tape had a v a r ia b le  b lock  le n g th  and so a subroutine prepared by 
Mrs. E . MacGormick was used  to  read th e  ta p e . A s e t  o f  programs
-' j f " i " ' .i.. -I.'- V.
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was w r itte n  to  read th e  tape f i l e s  and reduce th e  d a ta . RGOl 
read and p lo t te d  a 'c a lib r a t io n  spot* f i l e  fo llo w ed  by a 'c le a r  
p l a t e ' f i l e ,  so th a t th e  app rop riate  con version  from d e n s ity  to  
in t e n s i t y  cou ld  be made. RGO2 read and p lo t te d  as d e n s ity  v a lu es  
th e "btellar spectrum ' f i l e  and 'c le a r  p la t e ' f i l e  so th a t n o is e ,  
p la te  f a u l t s  e t c .  on th e  s t e l l a r  spectrum cou ld  be n o ted . RGO3 
used th e  prepared c a l ib r a t io n  from d e n s ity  to  lo g ( in te n s ity ) ' ,  
input on card s, to  convert th e  s t e l l a r  spectrum f i l e ,  a f t e r  
removal o f  an averaged c le a r  p la te  d e n s ity , and p lo t  th e  spectrum i
out as in t e n s i t y  v e r s e s  w avelen gth . A l in e a r  in te r p o la t io n  was 
used  in  th e con version  subroutine s in c e  th e s te p  s iz e  between  
p o in ts  on th e c a l ib r a t io n  cou ld  be as sm all as d e s ir e d .
Two a d d it io n a l programs, RGOUl and RG0U2, used  c o n s e c u t iv e ly  
were ab le  to  tak e s e v e r a l f i l e s  o f  th e  s ta r  spectrum from th e » 
m agnetic ta p e , convert each spectrum v ia  i t s  own c a lib r a t io n  |
from d e n s ity  to  in t e n s i t y  and add them to g e th e r , s in c e  th e  
d isp e r s io n s  were id e n t ic a l ,  to  g iv e  one s t e l l a r  spectrum w ith  
improved s ig n a l - t o - n o is e .  In t h i s  case th e  w avelength s h i f t ,  
found from th e C I I  l in e  a t 4267A, was input so th a t th e sp ectra  
would be added to g e th e r  c o r r e c t ly .  The position), o f  th e s ta r t  and 
end o f  th e  sp e c tra  cou ld  be found r e la t iv e  to  each o th er , and th e  
p o rtio n  where th e  s t e l l a r  spectrum was not s ig n i f i c a n t ly  above 
th e c le a r  p la te  l e v e l  was removed. A m o d ifica tio n  to  RG0U2 
produced RGOBL, in  which th e  'superim posed' spectrum was 
reform atted  to  be com patible w ith  th e format used in  th e  AAT ta p e , 
and was sto red  on a temporary d is c  f i l e  in  the computer to  be 
operated  on by th e  program package mentioned in  s e c t io n  5*2.
The a d d itio n  o f  th e  sp ec tra  was checked by rep ea tin g  the p rocess  
w ith  arc sp ectra  but no dou blin g  or broadening o f  th e  arc l in e s









Figure5-3 H -0  curve for 02  135
X -  rep resen ts  darker s e t  o f  sp o ts  
o -  r ep resen ts  fa in t e r  s e t  o f  sp o ts
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was seen  over th e  whole range u sed .
For th e  sp ec tra  DZ 49 aud DZ 135> the H* and D curve (Mees,
1954) was used  to  g iv e  th e  c a lib r a t io n  from d e n s ity  to  in te n s ity *
This method was used  i n i t i a l l y ,  s in c e  th ere  were tw elve  
c a lib r a t io n  sp o ts  im pressed on th e  p la t e ,  s ix  taken for*.time *tt* 
and s ix  fo r  tim e approxim ately; *4t* . I t  was a sim ple m atter to  
o v er la y  th e H and D) curve fo r  th e  f a in te r  sp o ts  on th a t  fo r  th e  
darker sp o ts , g iv in g  a good c a lib r a t io n  from v ery  low  to  high  
d e n s it ie s  (see  f ig u r e s  5*2 and 5*3)• These two p la te s  were w e ll  
exposed and so in  th e  u s e fu l  range o f  th e spectrum th e c a lib r a t io n  
was on the l in e a r  s e c t io n  o f  th e IF and D^ cu rve. DZ 49 and DZ 135 
were added to g e th e r  and p lo t te d  out fo r  v is u a l  id e n t i f ic a t io n  o f  
l in e s  and th e  measurement o f  eq u iv a len t w idths was made u s in g  a 
p la n im eter . In a d d itio n  to  t h i s  th e  superim posed spectrum was 
tr e a te d  w ith  a fa s t-F o u r ie r -tr a n sfo r m , th e  in stru m en ta l p r o f i le  I
removed and th e spectrum w avelength s c a le  l in e a r is e d  by the  
computer program developed by Dr. A. E. Lynas-Gray, m entioned in  
s e c t io n  5«2. E q u iva len t w idths were ob ta in ed  from th a t spectrum  
by th e  computer. The r e s u l t s  from the two tech n iq u es agree w e ll  
( s e e  f ig u r e  5 - ü ) *
Three p la te s  DZ 332, DZ 336 and DZ 341 were on a d if fe r e n t  
em ulsion (se e  ta b le  5•2)' and so i t  was d ecided  th a t th ey  should  
not be added to  DZ 49 and DZ 135 w ithout th e  removal o f  the  
p la te  resp o n se . T his was not e a s i l y  ob ta in a b le  s in c e  th e  p la te s  
had no w avelength c a lib r a t io n  o f  resp on se , on ly  c a lib r a t io n  
s p o ts . These p la t e s  were l e s s  w e ll exposed and so th e  conversion  
from d e n s ity  to  in t e n s i t y  would be on th e to e  o f  th e IF and D" 
curve, where a sm all change in  d e n s ity  r e s u lt s  in  a la rg e  change 






th e photographic p la te#  For t h i s  reason i t  was decided  to  use  
th e  Baker d e n s ity  r e la t io n  as d escr ib ed  by de Taucouleurs ( 1968) . 
The main problem w ith  t h i s  tech n iq u e was th a t th e numbers 
produced from th e  PDB m icrodensitom eter were not a b so lu te  
d e n s i t ie s .  In t h i s  case  th e Bhker r e la t io n  cou ld  be exp ressed  
as S“
P la te a Equation o f  l in em 'Cse)  ^ lo g  A ( s e )
DZ 332 170 0 .5 3 0 (07 ) 0 .2 0 5 (06)'
DZ 336 420 0 .7 8 8 ( 17) 0 .635 (10)
DZ 341 315 0 .302 ( 16) 0 .3 8 9 (08)
DZ 49 235 0 .621 C23) 0 .391 (13)
DZ 49 was reduced u s in g  th e Baker r e la t io n  fo r  comparison w ith  
the red u ction  u s in g  th e H and B cu rve. No n o t ic a b le  changes in  
th e  u s e fu l  spectrum were found in  the two p lo t s  o f  in t e n s i t y
I
. J  +lo g  I = n lo g  (10 + 1)1 + lo g  A
jCb waS' found th a t  *b* = 0:, i . e .  th ere  was no zero p o in t s h i f t  in  §•
th e system , but fo r  each p la te  *a* had a d if fe r e n t  va lu e  due to  
th e  adjustm ents made b efo re  each scan . For each spectrum a range 
o f  v a lu e s  o f  *a* were t r ie d  w ith  th e computer, which p lo t te d  th e  
r e s u l t s ,  so th a t a f i t  to  a s tr a ig h t  l in e  cou ld  be found by 
in s p e c t io n . The f in a l  v a lu e  o f  *a* in  each case was found from 
a l l  tw elve  sp o ts  u s in g  a l e a s t  squares f i t .  Table 5-3  shows th e  
v a lu e s  found, and f ig u r e s  5*4» 5*5> 5*6, 5*7 th e graphs.
Table 5 .3  Baker r e la t io n s  found fo r  DZ 332, PZ 336, DZ 341 & 332 49








Figure 56 Baker re la tion  fo r 
DZ 341
Figure 5*7 Baker relation for 
DZ 49
eq u iv a len t w idth  (w) = area  measured (a ) x d isp e r s io n
continuum h e ig h t (h )
I f  i s  th e  error  in  w 
i s  the error  in  A
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a g a in st w avelen gth .
In RGOl, RGO2 and RGO3 , sm oothing was accom plished hy ta k in g  
the mean o f  fou r  p o in ts  to  g iv e  one p o in t . In a d d itio n  to  
removing some n o is e  i t  a ls o  reduced the d e n s ity  and p o s it io n  
arrays to  a s iz e  e a s i l y  manageable hy th e computer. For the  
superim posed spectrum a more u s e fu l  sm oothing was ob ta in ed  hy 
ta k in g  h a lf  o f  th e  c e n tr a l channel and adding to  i t  a qu arter  
each o f  th e  channel b efore  and a f t e r .  Tîhis meant th a t th e  f u l l  
number o f  p o in ts  (about I 9OOO) ob ta in ed  from the FDS scans could  
be u t i l i s e d  in  th e  f in a l  p lo t  o f  th e spectrum . Sdnoe the AAT 
package o f  computer programs (se e  s e c t io n  5 «2)' con ta in ed  i t s  own 
tech n iq u e o f  n o ise  removal no sm oothing was done on th e  data  
b efo re  i t  was s to r e d  to  be reduced u s in g  th o se  programs.
For th e su p e r p o s it io n  o f  DZ 49 and DZ' 135 th e  w avelength reg io n  
u s e f u l ly  covered was between 3100A and 4400A. E quivalen t w idths  
between 3255^ and 4295^ were measured w ith  a p la n im eter . The 
reg io n  covered by DZ 332, DZ 336 and DZ 341 was between 3500A 
and 4775A. T his superim posed spectrum was s t i l l  co n sid era b ly  
weaker than th e form er, and so th e l in e s  were id e n t i f i e d  but no '4
eq u iv a len t w idths were measured.
5 . 3c E stim ate o f  erro rs  in  th e eq u iv a len t w idths from ESO and R a d c liffe  
sp ec tra
The erro rs  in  th e  eq u iv a len t w idths were determ ined as fo llo w s
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and Ah i s  th e erro r  in  h
th en  /  AÎK = AA + A hL ~ f
(Lynas-Gray, 1979)
h^
A =s A + 0 .1  sq . cm.
For th e  R a d c liffe  spectrum th e  areas measured ranged from 0 .2 5  ÿ
sq cm to  26 sq cm, and th e  continuum heightb from 7*0 cm to  17*4 cm.
Areas as sm all as 0 .2 5  sq cm were not measured a t th e sm aller  
continuum h e ig h t , a lth ough  i t  i s  in clu d ed  fo r  com pleteness,.
For th e ESO spectrum th e areas measured ranged from 0 .3 5  sq cm to  
28 sq cm, and th e  continuum h e ig h t V aried from 15*4 cm to  2 8 .7  om.
h = h 0 .5  cm
For the R a d c liffe  spectrum a t sm all continuum h eigh t
h = h + 0 .3  cm
Table 5*4 shows th e  erro r  in  eq u iv a len t w idth derived ,, and i t  i s  
d isp la y ed  g r a p h ic a lly  in  f ig u r e  5 .8 ,
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T k tle  5»4 Errors in  eq u iv a len t w idth fo r  R a d c liffe  and BSO sp ec tra
R a d c liffe ESO
h w h w
(cm); (cm) (cm)i (cm)
7 .0 0 .056 0 .402 1 5 .4 0 .0 4 6 0 .2 8 8
0 .5 5 7 0 .0 5 9 0 .455 0 .0431 7 .4 0 .022 0 .401 2 8 .7 0 .0 2 4 0 .286
0 .2 2 4 0 .0 4 9 0 .2 4 4 0 .0332.331 0 .0 2 9 1.951 0 .0 1 8
5 .4  R esu lts
The l in e  id e n t i f i c a t io n s  and eq u iv a len t w idths are l i s t e d  in  
ta b le  5»5* V àlues o f  th e  eq u iv a len t w idths are g iven  fo r  the  
R a d c lif fe  spectrum DZ49 + DZ 135 measured by p lan im eter  and 
measured by computer, fo r  th e  BSO spectrum measured by p lan im eter , 
and th e  mean eq u iv a len t w idths from th e ESO, R a d c liffe  and AAT* 
sp e c tr a , as g iven  in  Lynas-Gray, Walker, H i l l  & Kaufmann (1979)*
The computed R a d c liffe  eq u iv a len t w idths were obta ined  from the  
program o f  Dr. A. B. Lynas-Gray. A *p* in d ic a te s  th a t th e  l in e  
was p resen t but no eq u iv a len t w idth measured. The columns are 
as fo llo w s  : -
column 1 -  LAMBDA -  w avelength o f  l in e  from m u ltip le t  ta b le
column 2 ,3 -  ION M.N.^- g iv e  io n  and m u lt ip le t  number ( i f
a v a ila b le )  fo r  th e l in e  
column 4 -  RAD:P -  eq u iv a len t w idth o f  l in e  measured by
p lan im eter  on DZ 49 + DZ 135 spectrum  
p lo t
column 5 -  RADtC -  eq u iv a len t w idth o f  l in e  computed on  ^ %
DZ 49 + DZ 135 spectrum  
column 6 -  RAD'- — in d ic a te s  presence o f  l in e  on DZ 332,
336:, 341 spectrum p lo t
I
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column 7 -  BSOsP -  eq u iv a len t w idth o f  l in e  measured hy
p lan im eter  on BSO spectrum p lo t  
column 8 -  MEM -  average eq u iv a len t w idth in c lu d in g
measurements i f  a v a ila b le  
column 9 -  B -  remarks
column 10 -  A -  a s t e r is k  in d ic a te s  l in e  used  in  abundance
a n a ly s is
As in  Lynas-Gray, Walker,. H i l l  & Kaufmann (1979) a co lon  or  
double co lon  b es id e  th e eq u iv a len t w idth in d ic a te s  th a t the  
standard d e v ia tio n  fo r  th e eq u iv a len t w idth exceeds th e  expected  
error  by a fa c to r  o f  two or th ree  r e s p e c t iv e ly .  An a s te r is k  in  
th e remarks column in d ic a te s  a note at th e end o f  th e  ta b le .  The 
numbers in  th e remarks column are as fo llo w s
1 -  not id e n t i f i e d  on 1 AAT spectrum
2 -  not id e n t i f i e d  on 2 AAT sp ectra
3 -  on ly  id e n t i f i e d  on AAW spectra/um
4 -  on ly  id e n t i f i e d  om 1 AAT'spectrum
5 -  on ly  id e n t i f i e d  on 2 AAT" sp ectra
6 -  id e n t i f ie d  on a v a ila b le  AAT spectra/um
7 -  id e n t i f ie d  on a v a ila b le  AAT spetcra/um ,
but no e q u iv a len t w idth measured
A ll th e  l in e s  from 5495A onwards are measured on ly  on the AAT 
sp ec tra  and no remark i s  en tered  concerning th a t f a c t .  The 
helium  l in e s  which have (H) in  the m u ltip le t  number column are 
taken from H il l  ( 1964)* In a l l  I 46O w avelengths are l i s t e d  in
ta b le  3»5f  w ith  1196 eq u iv a len t w id th s. There are I 46 l in e s 'w ith
S
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no id e n t i f i c a t io n  a t present*  H il l  (1964) l i s t e d  594 w avelen gth s, 
w ith  409 eq u iv a len t w id th s.
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T a b l e  5 . 5
ADSORPTION LINE WAVELENGTHS AND EQUIVALENT WIDTHS
LAHÜOA ION M. N. RAO: P R AO: C
A m A mA
3 1 0 4 . 7 6 Mg I I 6 P 1 3 2
3 1 0 5 . 0 8 Ti I I 6 7 2 4 7
3 1 0 5 . 5 5 Fe I I 82 • 161
3 1 0 6 . 2 3 Ti I I 6 7
3 1 0 6 . 5 6 Fe I I 6 8 P 2 6 6
3 1 0 7 . 5 8 C r I I . 125 P 1 3 8
3 1 0 7 . 9 5 F e I I I 29 4 5
3 1 0 8 . 6 6 Cr I I 55 P 151
3 1 0 9 . 9 2 Ti I 1 53 4 4
31 1 0 . 6 2 Ti I I 67 6 8
3 1 1 1 . 6 1 Fe 1 I I 8 4 8
3 1 1 2 . 8 1 Cr 1 25 3 6
31 1 4 . 4 9 Fe I I 82 P 3 7 4
3 1 1 5 . 6 5 C r I I 4 6 P 2 0 7
3 1 1 6 . 5 9 Fe I I 82 P 1 7 6
5 1 1 6 . 7 6 C r I 1 1 26 84
3 1 1 7 . 6 7 Ti I I 67 P 1 3 6
3 1 1 8 . 1 4 Cr I I 55 6 6
3 1 1 8 . 6 5 Cr I I 5 P 3 5 0
3 1 1 9 . 8 0 Ti I i 6 7 P 9 4
3 1 2 0 . 3 7 C r 11 5 P 1 7 3
3 1 2 1 . 0 5 Cr 11 72 8 2
3 1 2 1 . 6 0 Ti 11 4 101
3 1 2 2 . 9 5 Sc 11 3 9 1 5 6
3 1 2 4 . 9 8 Cr 11 5 P 3 1 0
3 1 2 5 . 4 6 Cr 11 55 P
3 1 2 6 . 0 2 Sc 11 3 9 11 5
3 1 2 7 . 8 8 Ti 11 1 21 P 91
3 1 2 8 . 7 0 Cr 11 5 P 2 8 0
3 1 3 0 . 8 0 Ti 11 4 1 3 3
3 1 3 1 . 5 4 Cr 11 5 3 , 5  5 6 8
3 1 3 2 . 0 6 Cr 11 5 P 3 1 9
3 1 3 3 . 1 0 Sc 11 39 9 3
3 1 3 4 . 3 3 Cr 1 1 94 111
3 1 3 4 . 8 2 M n 11 1 5 1 6 5
3 1 3 5 . 3 6 Fe 11 82
3 1 3 5  . 5 1 Mn 11 15 P 2 1 6
3 1 3 5 . 7 4 C r 1 1 94 1 8 3
3 1 3 6 . 3 2 Mn 11 15
3 1 3 6 . 6 8 C r 11 5 P 261
3 1 3 7 . 5 5 C r 11 54 2 4 9
3 1 3 8 . 2 1 Fe 11 2 2 7 91
3 1 3 8 . 4 6 Sc 11 39 72
3 1 3 9 . 9 1 C r 11 54 P 1 1 6
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3 6  
3 7 4  
2 0 7  
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1 3 6  
66 
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2 8 0
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LAMBDA ION M. N. RAD ; P RAD: C RAD e S 0 : P MEAN R A
A mA mA m A mA
3 1 4 1 , 3 0 Cr I 1 75 P P
3 1 4 2 . 2 2 Fe I 7 9 2 9 2
3 1 4 2 . 7 4 Cr I 85 71 71
3 1 4 4 . 7 4 Ti  I 10 P 1 6 9 1 6 9
3 1 4 5 . 7 7 Cr I 85 ■ 6 8 6 8 *
3 1 4 7 . 1 9 Cr I 54
3 1 4 7 . 2 3 Cr I 5 P 6 8 6 8
3 1 4 8 . 0 3 Ti  . I 4 6 7 6 7 *
3 1 4 9 . 1 2 Cr I 84 4 6 4 6 *
3 1 4 9 . 3 3 Cr I 54 P 32 3 2 *
3 1 5 0 . 1 1 Cr- I 54 P 4 5 45 ★
5 1 5 2 . 2 5 Ti  I 10 P 83 8 3 *
3 1 5 4 . 2 0 Ti  I 10 P 1 3 9 1 3 9
3 1 5 4 . 2 0 Fe I 66
3 1 5 4 . 6 6 Cr I 54 P 2 7 6 2 7 6
3 1 5 5 . 6 7 Ti  I 10 121 121 ★
3 1 5 7 , 5 2 Cr I 9 3 P 121 121 *
3 1 5 8 . 0 3 Cr I 70 1 8 4 1 8 4
3 1 5 b . 8 7 Ca I 4 P 6 0 • 60
3 1 5 9 . 1 0 Cr I 5 P 2 2 5 2 2 5
31 6 1 . 9 5 Fe I 7 P 1 9 5 1 9 5
3 1 6 2 . 5 7 Ti  I 10
3 1 6 3 . 0 9 F e I 7 P 2 2 6 2 2 6
3 1 6 5 . 6 2 C I 9 2 8 2 8
3 1 6 6 . 2 2 Fe I 79 1 3 2 1 3 2
3 1 6 6 . 6 7 Fe I 6 1 5 0 1 5 0 *
3 1 6 7 . 8 5 Fe I 6 6
3 1 6 7 . 9 3  . C I 9
3 1 6 8 . 5 2 Ti  I 10 P 2 3 5 2 3 5
3 1 6 9 . 2 0 Cr I 1 23 1 4 3 1 4 3 *
3 1 7 0 . 3 4 Fe i 6 9 8 9 8 *
5 1 7 2 . 0 8 C r I 71 P P
3 1 7 2 . 7 9 •Mj I 13 P 9 0 9 0 *
3 1 7 5 - 0 3 Fe I 1 57 6 8 6 8 *
3 1 7 5 . 8 4 Mj I 13 9 3 9 3
3 1 7 7 . 5 3 Fe I 82 P 321 321
3 1 7 9 . 3 3 Ca I 4 P ■ 4 5 2 4 5 2
3 1 8 1 . 4 3 Cr I 9 P 231 231
3 1 8 1 . 8 4 Ti  I 1 22
3 1 8 2 . 5 7 Ti  I 1 22 P 45 45
3 1 8 3 . 1 2 Fe I 7 P 371 371
3 1 8 3 . 3 3 C r I 82
3 1 8 5 . 1 3 S i  I I 8
3 1 8 5 . 3 2 Fe I 7 P 1 1 1 1 1 1
3 1 8 6 . 7 4 Fe I 6
3 1 8 7 . 7 4 He 3 P 2 5 4 2 5 4
3 1 9 0 . 8 7 Ti  I 26 P 21 1 211
3 1 9 2 . 9 2 Fe I 6 P 1 6 2 1 6 2 *





LAMBDA ION M. N. RAD : P RAD : C RAD ESO: P MEAN
A m A mA . mA m A
3 1 9 4 . 2 6 Ti  I 1 20 2 4 0 2 4 0
3 1 9 4 . 6 3 Cr I 70 7 7 7 7
3 1 9 5 . 7 2 Ti  I 25 P 1 2 8 1 2 8
3 1 9 6 . 0 0 Ti  I 4 6
3 1 9 6 . 0 7 Fe I 7 P 3 4 2 - 3 4 2
3 1 9 6 . 9 6 Cr I 9 P P
3 1 9 7 . 1 2 Cr I 9 2 4 3 2 4 3
3 1 9 7 . 5 2 Ti  I 3 12-1 121
3 1 9 9 . 5 1 Si  I 13 P 81 . 81
3 2 0 0 . 4 5 Cr I 1 1 4  . 1 0 2 1 0 2
3 2 0 1  . 2 6 C r I 1 14 P 8 6 8 6
3 2 0 1 . 9 0 Fe 11 6 1 4 7 1 4 7
3 2 0 3 . 6 7 Si  I 7 P . 1 6 2 1 6 2
3 2 0 5 . 1 1 Cr I 1 14 11 2 1 1 2 -
3 2 0 8 . 0 2 Cr I 1 14 6 8 6 8
3 2 0 8 . 6 2 Cr I 9 P 9 3 9 3  •
3 2 0 9 . 2 1 Cr I 9 P 1 3 2 1 3 2
3 2 1 0 . 0 3 S i  I 7 P 4 1 6 4 1 6
3 2 1 1 . 7 P
3 2 1 3 . 1 5 Ti  I 3
3 2 1 3 . 3 1 Fe I 6 P 2 9 6 2 9 6
3 2 1 4 . 7 5 Ti  I 3 P 1 0 3 1 0 3
3 2 1 7 . 0 6 Ti  I 2 . 21 21
3 2 1 7 . 4 4 Cr I 9 P 52 52
3 2 1 9 . 7 9 Cr 1 63 3 6 3 6
3 2 2 0 . 4 7 Ti  1 9 55 55
3 2 2 1 . 7 6 Ti  I 46 P P
3 2 2 2 . 8 4 Ti  I 2 P 2 0 9 2 0 9
3 2 2 4 . 2 4 f  i I 84 P 1 2 0 1 2 0
3 2 2 6 . 7 7 Ti  I 3 4 3 4 3
3 2 2 7 . 7 3 Fe I 6 P 4 0 3 4 0 3
3 2 2 8 . 6 1 Ti  1 24 P 9 9 9 9
3 2 2 9 . 1 9 Ti  I 2 P 1 2 4 1 2 4
3 2 3 1  - 2 7 He ( H)
3 2 3 1 . 3 2 Ti  I 9
3 2 3 1 . 6 4 Cr I 1 22 P 1 4 3 1 4 8
3 2 3 2 . 7 9 Fe I 1 19 P 1 9 9 1 9 9
3 2 3 4 . 0 6 Cr I 63 9 4 94
3 2 3 4 . 5 2 Ti  I 2 P 2 9 5 2 9 5
3 2 3 4 . 9 2 Fe I 1
3 2 3 6 . 1 2 Ti  I 24 P 92 9 2
3 2 3 7 . 6 6 Fe I 81 P 1 2 9 1 2 9
3 2 3 8 . 7 7 Cr I 63 P 81 81
3 2 4 0 . 7 1 T i I 9 4 2 42
3 2 4  1 . 9 8 Ti  I 2 P 2 2 4 2 2 4
3 2 4 3 . 7 2 Fe I 1 19 P 1 1 2 1 1 2
3 2 4 7 . 1 7 Fe I 81 P 2 3 4 2 3 4
3 2 4 8 . 6 0 Ti  I 66
3 2 4 8 . 7 0 T i I 9 P 181 181
LAMBDA ION M. N.  RAD: P RAD: C RAD ES O: P  MEAN
A mA mA m A mA
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3 2 4 9 . 6 5 Fe I 81
3 2 4 9 . 9 1 Fe I 78 p 3 2 7 0 2 7 0 :J
3 2 5 0 . 7 9 Cr I 61 p 8 9 8 9 * 1
3 2 5 1 . 7 p
3 2 5 1  . 9 1 Ti I 2 p 191 191 *
3 2 5 2 . 9 1 Ti I 2 p 1 4 6 1 4 63 2 5 2 . 9 4 Ti I 23
3 2 5 4 . 2 5 Ti I 2 p 71 71 * v;
3 2 5 5 . 8 b Fe I 1 1 2 2 1 9 3 1 5 8 ★ %
3 2 5 7 . 8 3 S . I 17 P 1 4 6 1 4 6 -S
3 2 5 8 . 2 8 He ( H) 4 8 3 P ■ 4 8 3
3 2 5 8 . 7 7 Fe I 81 P 2 0 0 2 0 0 ■k
3 2 5 9 . 0 5 Fe I o1 P 1 1 11
3 2 6 1 . 6 0 Ti I 6 6 / 3 9 1 65 P 1 6 5 *
3 2 6 6 . 2 5 C r I 1 21 30 3 0 * %:
3 2 6 6 . 9 4 Fe I 65  • P 84 8 4
3 2 6 7 . 0 4 Fe I 80 1
3 2 6 8 . 4 8 . Cr I 62 3 0 . 3 0 *
3 2 6 9 . 7 7 Ti I 57 P 52 52 j
3 2 7 1 . 8 7 Ti I 6 6 P 77, 7 7 *
3 2 7 3 . 5 3 Fe 11 7 65 6 5 - ■3 2 7 4 . 9 0 Ni I 1 P
3 2 7 6 . 0 8 Fe I I 7 P 1 1 6 1 1 6 k ■
3 2 7 6 . 6 1 Fe I 92 :
3 2 7 6 . 7 7 T i I 45 P 1 3 2 1 3 2 ."33 2 7 7 . 3 5 Fe I 1 9 9 1 5 8 1 2 9 ★ 'y
3 2 7 8 . 2 9 Ti I 66 63 6 3 *
3 2 7 9 . 5 4 Cr I 1 21 97 97 k
3 2 8 0 . 5 3 Fe I II
7 84 84
3 2 3 1  . 2 9 Fe 1 1 9 6 2 2 7 2 1 2 k
3 2 8 2 . 3 3 Ti I 6 6 1 6 7 1 3 7 1 52 k
3 2 8 3 . 7 5 Fe 11 7 34 34
3 2 8 5 . 4 3 Fe I 1 4 3 4 3
3 2 8 7 . 3 7 AL i  I 10 P • 9 4
3
3 2 8 7 . 6 6 Ti I 89 P 94 k • 1
3 2 8 9 . 3 5 Fe I 65 P 1 4 0 1 4 0 k t
3 2 9 0 . 5 4 Ni I 5 2 7 27 k
3 2 9 0 . 6 9 Ni I 1
3 2 9 1  . 75 Cr I 68 1 2 3 1 2 3 * i:
3 2 9 3 . 4 8 Ti I 57 35 35 ;>f
3 2 9 5 . 0 6 Fe I 9 3 54 54
3 2 9 5 . 2 4 Fe I 79
3 2 9 5 . 4 3 C r I 51 1 47 1 7 8 1 6 3
3 2 9 5 . 8 1 Fe I 1
3 2 9 6 . 7 9 He 9 1 8 7 1 78 1 8 3 ï
3 2 9 7 . 8 9 Fe I 91 1 2 3 1 2 3 * 1
3 2 9 8 . 2 1 T I I 44 9 3 4 2 6 8
3 2 9 9 . 4 4 Ti I a 3 8 3 8 1
3 3 0 2 . 8 6 F e i 1 P 65 65 ★ 1
LAMBDA ION M. N. RAO : P RAD: C
A mA mA
3 3 0 3 . 4 7 Fe 11 1 3 7
3 3 0 5 . 2 2 Fe I I I 7 P 8 7
3 3 0 5 . 6 3 Fe I I 79 . 56
3 3 0 6 . 0 5 Ti  I I 4 4 63
3 3 0 7 . 0 4 Cr I I 51 P P
3 3 0 7 . 5 7 Fe I I 6 5 4 8
3 3 0 8 - 3 1 Ti  I I 7 P 8 6
3 3 1 0 . 6 5 Cr I I 1 2 0 , 1 5 8 P
3 3 1 1 . 9 6 C r I I 51 P 1 2 4
3 3 1 4 . 2 P
3 3 1 5 . 2 9 Cr I I 51 8 9
3 3 1 5 . 5 3 Fe I I 93 72
3 3 1 7 . 7 0 S I I 42 34
3 3 1 8 . 0 2 Ti  I I 7 P 7 4
33 2 1 . 7 0 T i 11 65 8 7 6 0
3 3 2 2 . 9 4 T i • I I 7 2 1 0 2 1 2
5 3 2 4 . 0 6 Cr I I 4 1 3 6 1 5 9
3 3 2 4 . 5 7 N I I 22 84
3 3 2 6 . 7 6 Ti  I I 7 9 8 6 3
3 3 2 8 . 3 5 Cr I I 4 . 1 2 2 8 8
3 3 2 9 . 4 6 Ti  I I 7 1 58 161
3 3 3 2 . 1 1 Ti  I I 65 85 55
3 3 3 3 , 1 4 S i  I I 6 4 9 54
3 3 3 5 . 1 9 Ti  I I 7 1 81 1 5 3
3 3 3 6 . 1 6 Cr I I 14 P 2 0 4
3 3 3 7 . 5 P
3 3 3 8 . 1 9 Fe I I 5 1 20 161
3 3 3 9 . 3 6 Fe I I I 7 1 56 1 5 8
3 3 3 9 . 8 0 C r I I 4 P 1 5 8
3 3 3 9 . 8 2 Si  I I 6
3 3 4 1 . 8 8 Ti  I I 16 2 2 6 1 6 8
3 3 4 2 . 5 1 C r I I 4 P . 9 7
3 3 4 6 . 7 2 Ti  I I 7 P 84
3 3 4 6 . 9 1 T i I I 43
3 3 4 6 . 9 9 Cd I I 9
3 3 4 7 . 8 4 C r I I 4 94 1 5 9
3 3 4 9 . 4 0 T i I I 1 3 9 9 481
3 3 5 0 . 4 2 Ni  I I 1 1 2 5
3 3 5 1 . 4 6 A I I I 26 53
3 3 5 3 . 1 2 C r I I 4 9 3
3 3 5 3 . 7 3 Sc I I 12 9 0
3 3 5 4 . 5 5 He I 8 1 4 0 1 4 9
3 3 5 7 . 0 7 Fe I I I 19 P
3 3 5 8 . 2 5 Fe I I 77
3 5 5 8 . 5 0 Cr 11 4 1 3 8 2 0 3
3 3 6 0 . 1 6 Ti  I I 54 P 52
3 3 6 0 . 3 0 C r I I 21 P 1 l 6
3 3 6 0 . 8 9 C I I 7 P 8 8

















1 4 8  
84  
81 
1 0 5  
1 6 0  
7 0  
52  
1 6 7  
2 0 4
141  
































LAMUDA ION M . N . RAD : P RAD;C
A m A m A
3 3 6 1 . 7 2 C I 7 P 151
3 3 6 4 . 9 0 Ti  I 1 24 71
3 3 6 5 . 6 4 Fe I 1 9 4 7 6
3 3 6 7 . 4 2 Cr I 79 1 3 5
3 3 6 8 . 0 5 Cr I 4 2 0 4 2 7 4
3 3 6 9 . 0 5 Cr I 68 1 13 1 4 5
3 3 6 9 . 6 7 Ti  I- 1 24 8 3
3 3 6 9 . 9 1 Ne 2
3 3 7 0 . 7 P
3 3 7 2 . 1 3 Cr I 91 1 2 8
3 3 7 2 . 8 0 Ti  I 1 2 6 8 2 2 8
3 3 7 3 . 9 8 Ni  I 1 1 79 1 6 9
3 3 7 4 . 9 5 C r I 4 34
3 3 7 6 . 2 7 C r I 73 78 11 5
3 3 7 8 . 3 4 Cr I 21 P 1 1 4
3 3 7 9 . 3 7 C r I 21 P 1 0 0
3 3 7 9 . 8 3 Cr I 21 •
3 3 7 9 . 9 3 Ti  I 64 P 151
3 3 8 0 . 2 8 . Ti  I 1 P 141
3 3 8 2 . 6 8 Cr I 3 1 10 8 3
3 3 8 3 . 7 6 Ti  I 1 1 9 8 241
3 3 8 5 . 3 1 S I 8 8 91
3 3 8 6 . 7 2 Fe I 8 4
3 3 8 7 . 8 5 Ti  I 1 2 6 1 1 8 9
3 3 8 8 . 1 3 Fe .1 7 7 171
3 3 9 1 . 1 P
3 3 9 1 . 3 0 ■ Fe I 1 17 1 8 9
3 3 9 3 . 0 0 Cr I 21 8 7 1 2 9
3 3 9 4 . 3 2 Cr I 21 P 1 2 0
3 3 9 4 . 5 7 Ti  I 1 P 191
3 3 9 5 . 3 4 Fe I 1 17 1 3 0
3 3 9 7 . 8 2 Ni  I 8 P
3 4 0 1 . 7 6 Ni  I 4 1 3 0
3 4 0 3 . 3 2 Cr I 3 1 4 8 2 2 2
3 4 0 6 . 4 P
3 4 0 7 . 2 1 Ti  I 1 1 3 7 1 6 3
3 4 0 7 . 3 0 Ni  X 4
3 4 0 8 . 7 7 C r I 3 2 3 2 1 9 5
3 4 0 9 . 8 1 Ti  I 1 P 79
3 4 1 0 . 7 4 Fe 11 61 , 6 2 P 20
3 4 1 4 . 1 4 Fe I 91 P 5 9
3 4 1 6 . 0 2 F e 1 16 9 5 1 4 7
3 4 2 0 . 1 8 Fe I 8 9 52 27
3 4 2 1 . 2 0 C r I 3 1 1 5 P
3 4 2 2 . 7 4 C r I 3 2 2 9 2 0 0
3 4 2 5 . 0 9 Cr I 8 4 8
3 4 2 5 . 5 8 Fe 1 5 P 84
3 4 2 8 . 6 4 Fe I 90 P 77
3 4 3 0 . 1 5 Fe I 89 45




















9 7  
2 20 
9 0  
8 4  
2 2 5  
171
1 8 9  







2 1 4  
7 9  
20  
5 9  
121 
4 0  
1 1 5 
21 5 
4 8  
8 4  
7 7  
45
109
LAMUDA ION M. N. R A D : P RAO; C
A m A m A
3 4 3 3 . 3 0 Cr I I 3 1 65 1 3 6
3 4 3 4 . 3  ' P
3 4 3 6 . 1 1 Fe I I 91 P 9 6
3 4 4 1  . 9 8 Mn I I 3 3 0 8 3 7 2
3 4 4 3 . 3 9 Ti  I I 9 9 95
3 4 4 4 . 3 1 Ti  I I 6 P 1 5 0
3 4 4 6 . 2 P
3 4 4 7 . 5 9 He I 7 2 7 6 3 5 8
3 4 4 8 . 4 3 Fe 11 9 0 P 94
3 4 4 9 . 2 3 Cr I I 1 11 55
3 4 5 0 . 2 3 He I (H) P 3 7
3 4 5 0 . 3 4 Cr I I 6 0 P . 9 9
3 4 5 1 . 6 1 Fe I I 2 0 7 P 1 2 2
3 4 5 3 . 2 1 He I ( H) 2 7 2 P
3 4 5 4 . 1 6 Ni  I I 1 P 1 8 3
3 4 5 6 . UO Fe 11 4 P 1 3 5
3 4 5 6 . 7 9 He I ( H) 3 2 2 P
3 4 5 6 . 9 3 Fe I I 76
3 4 5 7 . 8 1 Mn I I 9 95
3 4 5 9 . 2 9 Cr I I 1 36 73
3 4 6 0 . 3 1 Mn I I 3 3 7 7 4 0 3
3 4 6 0 . 9 5 He I ( H)
3 4 6 1 . 5 0 Ti  I I 6 2 5 4 2 4 3
5 4 0 2 . 7 3 Cr I I 2 6 0
3 4 6 3 . 9 7 Fe 11 4 71
3 4 6 4 . 5 0 Fe I I 1 14 1 30 131
3 4 6 5 . 9 1 He I ( H) 59 1 P
3 4 6 8 . 6 8 Fe I I 1 14 1 9 5 2 2 6
3 4 7 0 . 2 4 Fe I I 8 9 101
5 4 7 1  . 8 0 He I 44 5 5 9 P
3 4 7 2 . 5 7 Ne I 2 2 3 9 P
3 4 7 4 . 0 4 Mn I I 3 3 2 3 3 2 7
3 4 7 4 . 1 2 Mn I I 3
3 4 7 5 . 1 3 Cr I I 2 6 7
3 4 7 7 . 1 8 Ti  I I 6 P 1 5 7
3 4 7 8 . 9 7 He I 4 3 6 0 9 P
3 4 7 9 . 9 1 Fe I I 4 1 32 P
3 4 8 2 . 0 6 Mn I I 9 51
3 4 8 2 . 9 1 Mn I I 3 2 5 4 2 3 7
3 4 8 4 . 1 5 C r I I 2 6
3 4 8 6 . 0 8 Fe 11 1 0 2 P P
3 4 8 6 . 9 1 Si  I I I 8 . 0 6 P ■ P
3 4 8 7 . 7 2 He I 42 8 0 3 P
34 8 8 - 68 Mn I I 3 2 2 2 P
3 4 8 9 . 7 4 Ti  I I 6 P P
3 4 9 0 . 6 2 He I 41 2 4 6 P
3 4 9 1 . 0 5 Ti  I I 6 • P P
3 4 9 3 . 1 6 V I I 6 2 5 0





9 6  





5 5  










2 4 9  






5 5 9  














LAMBDA ION M. N.  RAD : P RAD : C RAD ESQ.: P MEAN
A m A m A m A m A
110
3 4 9 5 . 5 7 Cr 2 2 3 5 2 3 5 *3 4 9 7 , 5 4 Mn I 3 . 1 8 1 P 181 * ;3 4 9 8 . 0 4 He 40 1 0 1 2 P 1 0 1 2
3 4 9 9 . 5 7 Fe 11 2 6 P P
3 5 0 1 . 3 2 Fe 11 4 8 P 6 7 6 7
3 5 0 1 . 7 5 Fe 11 2 6 , 4 8 2 0 0 221 211 * î
3 5 0 2 . 3 8 He 39 • 1 2 6 1 1 2 1 1 9
3 5 0 3 . 0 0 P I 2 73 73 *
3 5 0 4 . 4 0 Fe I I 4 8 1 4 0 P 1 4 0
3 5 0 4 . 8 9 Ti . I 88 1 5 5 1 5 5 *
3 5 0 5 - 9 0 Ti I 8 8 17 1 7 * ''1
3 5 0 6 . 9 3 Fe 11 4 8 P 5 0 50 *
3 5 0 7 . 3 9 Fe I 1 6 P 9 0 9 0 * 1
3 5 0 9 . 9 7 M n I 9 55 55 *
3 5 1 0 . 8 4 Ti I 8 8 1 4 3 P 1 4 3 ■k
3 5 1 1 . 6 6 6 6 6
3 5 1 1 . 8 4 C r I 2 P . P * •
3 5 1 1  . 9 3 Fe I 1 26 P P
3 5 1 2 . 5 1 He 3 8 1 1 9 6 P 1 1 9 6
3 5 1 3 . 0 9 Ti I 6 P P
3 5 1 3 . 9 3 Ni I 1 2 3 2 P 2 3 2 *
3 5 1 4 . 8 7 F e I I 26 6 7 P 6 7
3 5 1 5 . 8 2 Fe I 2 0 8 8 7 P 87 *
3 5 1 7 . 3 3 H e 3 7 2 9 8 2 5 4 2 7 6  ■
3 5 2 0 . 2 5 Ti I 9 8 71 P 71 * 13 5 2 0 . 4 7 Ne 7 71 71 * é
35 2 3 . 4 1 40 1 4 0
3 5 2 4 . 8 7 Ti I 1 18 4 9 4 9
3 5 2 6 . 5 1 53 1 5 3
3 5 2 8 . 2 3 Cr I 1 0 9 ' 9 6 9 6
3 5 2 9 . 7 3 Cr I 8 9 ■ P P P i3 5 3 0 . 4 9 He 3 6 1 3 3 7 P P 1 3 3 7
3 5 3 2 . 0 . 5 7 57 il3 5 3 2 . 6 9 Fe I 75 78 P 7 8 * 1
3 5 3 5 . 0 4 My I 12 1 5 3 2 1 5 1 8 4 *
3 5 3 5 . 7 3 Sc I 11 9 0 9 0 * 1
3 5 3 6 . 8 2 H e 35 2 4 3 261 P 2 5 2
3 5 3 8 . 8 0 My I 12 8 3 9 2 P 8 8 k
3 5 4 0 . 2 8 Cr I 89 56 56. '
3 5 4 5  . 19 . V i 5 79 79 * 1
3 3 4 9 . 6 1 H y I 11 6 3 6 3 *3 5 5 1 . 7 90 9 0 J
3 5 5 3 . 5 1 My I 11 93 P 9 3 * 1
3 5 5 4 . 4 0 He 34 1 1 0 0 P 1 100.
3 5 5 5 . 7 30 3 0
'  î3 5 5 6 . 4 9 P I 21 1 8 8 P 1 8 8
35 5 6 . 8 0 V I 5 8 0 8 0 *
3 5 5 7 . 5 5 F e I 1 76 1 1 9 1 1 9
3 5 5 9 . 9 3 P I 21 5 8 5 8 * ;
I l l
LAMO DA ION M. N. RAO : P RAD: C RAD ESO; P MEAN R A
A m A m A m A in A
3 5 6 1 . 5 8 Ti  I I 15 1 3 0 57 9 4 1
3 5 6 2 . 9 5 He I 33 2 8 7  ' P P 2 8 7
3 5 6 4 . 5 4 Fe I I 1 1 3 1 2 3 101 P 1 1 2 *
3 5 6 6 . 3 7 Cr I I 7 6 1 4 4 2 1 3 P 1 7 9 1
3 5 6 7 . 1 7 S I I 56 6 8 1 0 5 8 7 *
3 5 6 7 . 7Ü Sc I I 3 6 2 9 8 8 0 ★
3 5 6 8 . 9 7 Fe I I 1 13 35 35 *
3 5 7 0 . 5 7 Cr I I 8 9 4 0 40.
3 5 7 1 . 3 7 Cr I I 1 07 4 5 4 5 *
3 5 7 2 . 5 2 Sc  I I ■ 3 8 8 1 0 9 P 9 9 *
3 5 7 3 . 7 4 r i  I I 15 4 8 7 9 64 *
3 5 7 6 . 3 4 Sc  I I 3
3 5 7 6 . 3 8 Ti  I I 76 P 131 P . 131
3 5 7 6 . 7 0 Ni  I I 4 P 2 7 7 P 2 7 7 ■k
35 7 7 . 8 6 V I I 78 6 7 67 é
3 5 8 4 . 0 1 C r I X 1 07 8 4 P 84  • ■
3 5 8 4 . 9 8 C I I 23 < â
3 5 8 5 . 5 4 Cr I I 13 1 29 P P 1 2 9 *
3 5 8 5 . 8 1 C I I 23 64 P 6 4 ..
3 5 8 7 . 1 6 CHe I J 32 4
3 5 8 7 . 2 5 He I 31 1 6 9 4 P P 1 6 9 4 S
3 5 8 7 . 6 6 C I I 23 ■33 5 8 8 . 9 2 C I I 23 P P
3 5 8 9 . 6 6 C I I 23 8 0 P 8 0
3 5 9 0 . 4 7 Si  I I I 7 1 1 6 P P 1 1 6 * ' J
3 5 9 0 . 8 6 C I I 23 9 9 P P 9 9 ■5
3 5 9 4 . 4 6 S I I 1o 1 64 1 4 8 1 5 6 y
3 5 9 5 . 9 9 S I I 4 <
3 5 9 6 . 0 5 Ti  I I 15 1 64 16 4 P 1 6 4
3 5 9 9 . 3 7 He I 3 0 2 9 9 31 7 P 3 0 8 g
3 6 0 0 . 7 1 1 7 1 1 7 . 4
3 6 0 1 . 6 2 Al  I I I 1 • 1 7 5 2 0 3 P . 1 8 9 *
3 6 0 1 . 9 0 Al  I I I 1
3 6 0 3 . 7 7 Cr I I 13 2 3 9 . 2 4 8 P 2 4 4 ■k
3 6 0 5 . 7 P
3 6 0 6 . 1 8 Fe I I 1 75 53 53 *
3 6 0 7 . 0 5 Fe 1 I 101 58 8 9 7*4
3 6 0 8 . 7 0 N i I I 4 1 79 2 1 3 P 1 9 6 *
3 6 1 0 . 3 3 F e I I 1 1 2 7t) 1 3 4 P 1 0 2 * ' 5
3 6 1 2 . 3 5 Al  I I I 1 75 P P 75 ill
3 ü 1 3 . 2 3 Cr I I 13 P P P
3 6 1 3 . 6 4 He I • 6 8 8 7 P P 8 8 7
3 6 1 3 . 8 0 My I I 2 ■ ?
3 6 1 4 , 3 7 Fe I I 1 1 2 1 04 P 1 0 4 * ’>
3 6 1 6 . 9 2 S I I 56 51 6 6 5 2 : 6 * '• a
3 6 1 7 . 3 2 Cr I I 1 47 1 1 4 1 3 5 1 2 5 *
3 6 2 0 . 2 7 Fe 11 I 25 39 3 4
3 6 2 1 . 2 7 Fe I I 1 4 4 2 2 1 2 4 3 P p 2 3 2 Ü *
3 6 2 2 . 8 1 Fe I I 1 75 ü3
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LAMUDA ION M. N. KAO : P RADiC RAO ESQ; P MEAN. R A J
A m A m A m A m A
3 6 2 4 . 8 9 Fe I 1 44 . 201 P P 2 0 1 *
1y
3 6 2 5 . 3 0 Cr I 98 1 1 7 7 0 94
3 6 2 7 . 1 7 Fe I 1 9 3 1 2 9 8 2 ;  ; 6 * Î3 6 2 7 . 7 1 Ti  I 6 2 6 9 6 9
3 6 3 0 . 7 4 Sc I 2 2 2 5 P P 2 2 5 7 k ■t
3 6 3 1 . 4 9 Cr I 12 2 1 9  ’ P P P 2 1 9 7 k
3 6 3 1 . 7 2 Cr I 12 1 78 P P P 1 7 8 ★
3 ü 3 2 . Q 2 S 11 1 1 1 4 P 1 1 4 7 .}
3 6 3 2 . 2 9 Fe I 1 12 P P P
3 6 3 3 . 1 6 Cr I 1 4 7 1 5 8 P P 1 5 8
3 6 3 4 . 1 0 CHe I 29
3 6 3 4 , 3 0 He 28 1 3 2 6 P P P 1 3 2 6 7
3 6 3 6 . 9 0 Fe I 1 12 1 3 4 3 P
3 6 3 9 . 0 1 54 1 5 4
3 6 4 1 . 3 3 Ti  I 52 1 54 ■ P P 1 1 6 : : 6 k
3 6 4 2 . 7 9 Sc I 2 1 0 4 1 2 8 1 1 6 7 k
3 6 4 3 . 2 2 Cr I 1 41. . 41 k ■j:
3 6 4 4 . 7 0 Cr I 1 1 1 0 1 1 2 P 111 k
3 6 4 7 . 4 0 Cr I 1 19 19 k
3 6 4 8 . 8 6 Ti  I 83 75 3 .
3 6 4 9 . 0 1 Ti  I 14 1 2 8 1 0 0 P 11 4 -Ï
3 6 5 1 . 9 7 He 2 7 4 3 5 5 0 8 P P 2 0 9 *
3 6 5 2 . 1 2 He 27 2 0 7
3 6 5 2 . 8 1 Ti  I 1 1 6 6 9 P 6 9
3 6 5 4 . 5 1 S I 4 1 0 2 1 4 0 8 5 :  : 6 '
36  5 5 . 0 0 AI I 12
3 6 5 6 . 6 1 S I I 6 84 8 0 P 82 *
3 6 5 7 . 5 6 0 6 0 «
3 6 5 8 . 1 9 Cr 1 9 8 , 1 4 6 9 0 93 7 2 6 * ■ '3 6 5 9 . 7 7 Ti  I 75 9 6 P P 82 6 *
3 6 6 1 . 1 7 Fe I 111 57 3
3 6 6 2 . 2 4 Ti  I 75 181 1 3 4 ;  ; 6 k
3 6 6 2 . 6 2 Cr I 1 1 61 32 P 9 7
3 6 6 3 . 4 7 S I 16 21 3
3 o 6 4 . 9 5 C r I 1 56 6 9 3 k '3 6 6 6 . 5 9 Ti  I 1 16 51 3 -3
3 6 6 9 . 0 6 S I 16 6 6 6 8 P 74 6 ",
3 6 6 9 . 6 9 Cr I 1 95 47 P 58 6
3 6 7 1 . 1 2 C r I 6 P '13 6 7 2 . 1 4 S I 4 36 59 P 4 8 ?
3 6 7 2 . 6 42 42 6
3 6 7 3 . 7 7 Fe I 1 31 35 3 k i
3 6 7 6 . 5 0 C r I 1 4 7 3 k
3 6 7 7 . 8 2 Cr I 12 1 73 P P P 1 6 7 6 k 4:
3 6 7 8 . 8 8 3 83 ■‘13o S 1 . 4 72 72
3 6 8 4 . 2 5 Cr I 1 45 58 3 k -Û
3 6 8 5 . 1 9 Ti  I 14 2 9 8 31 1 P P 231  : ; 6 k "1
3 6 8 6 . 6 7 Cr i 1 18 58 3 *
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L A M ü 0 A ION M . N . RAO : P R A 0 : C RAO ESO: P ME A N R A
A m A in A m A mA
3 6 8 8 . Ü1 Cr 1 44 3
3 6 8 8 . 7 1 Fe I I I 93 5 0  ■ 3
3 6 9 6 . 3 9 Ti I I 73 101 3
3 6 9 8 . 0 0 Cr I I 1 18 8 9 3 A
3 7 0 0 . 1 4 Fe I I I 84 7 9 3
3 7 0 0 , 4 2 Cr I I 1 8 0 3
3 7 0 2 . 0 9 A I I I I 4 1 01 1 2 2 1 1 2 A
3 7 0 3 . 2 2 A I I I 18 1 4 3 6 *
3 7 0 4 . 7 9 [ He I ] 26
3 7 0 5 . 0 4 He I 25 1 5 2 4 P P P 1 2 7 8 : : 6 .
3 7 0 6 . 0 3 Ca I I 3 1 2 2 P P P 1 6 3 : 6
3 7 0 6 . 5 1 1 9 11 9
3 7 0 8 . 0 6 Mn I I 3 2 0 3 3
3 7 0 9 . 2 5 Cr I I 6 2 3 3 3
5 7 0 9 . 8 8 Mn I I 8 95 3
3 7 1 0 . 4 2 S I I I 1 1 7 5 *
3 7 1 1 . 9 7 Fe I I 1 92 81 3 A
3 7 1 2 . 9 9 Cr I I 12 P 1 6 5 P 1 5 9 6 A
3 7 1 5 . 1 0 A I I I  I 4 P 1 5 0 1 5 0 A
3 7 1 5 . 4 5 Cr I I 1 45 1 3 7 1 5 9 1 2 0 : 6 A
3 7 2 0 . 1 7 Fe I I 23 1 2 9 3
3 7 2 1 . 6 3 Ti I I 13 8 6 6 9 6 A
3 7 2 3 , 6 3 Ti I I 72 6 0 3
3 7 2 4 . 3 1 Mn I I 8 7 0 3 A
3 7 2 5 . 2 He I ( H) 1 25 1 6 9 P P 1 4 7
3 7 2 5 . 3 0 Fe I I 1 30 -
3 7 2 5 . 7 P
3 7 2 7 . 3 7 Cr I I 1 17 131 P P P 101 : 6 A
3 7 3 0 . 6 4 S I I
3 7 3 0 . 8 He I (H) 71 1 1 3 P 92
3 7 3 1 . 9 5 Al I I 1 1
3 7 3 2 . 5 P •
3 7 3 2 . 9 3 He I 24 3 6 2 - P P 3 4 4 3 5 3 6
3 7 3 3 . 9 1 ■ Al I I 1 1 24 3 A
3 7 3 6 . 9 0 Ca I I 3 3 5 8 P P 3 6 1 3 6 0 7 A
3 7 3 7 . 7 He I (H) 2 0 8 1 9 4 P 1 6 7 1 9 0
3 7 3 8 . 0 0 Al I I 1 1 1 9 0 1 9 3 P 1 9 2 A
3 7 3 8 . 3 8 C r I I 2 0 1 1 9 P P 9 6 1 0 8 A
3 7 3 9 . 6 Ti I I 1 0 7 51 51
3 7 4 1 . 6 3 Ti I 1 7 2 2 1 5 P P P 1 8 9 6 A
3 7 4  5 . 3 6 Fe I X 1 31 P
3 7 4  5 . 9 He I ( t o 791 P P P 791 7
3 7 4 6 . 3 P
3 7 4 6 . 5 6 Fe I I 1 4 • 45 P P 4 5  . A
3 7 4 7 . 9 0 S I I X 1 P P '
3 7 4 8 , 4 9 F e X I 1 54 2 85 P P 3 5 1 301 6 A
3 7 5 0 . 7 4 S 1 1 1 1 . 76 p 93 81 . 6
3 7 5 1 . 2 2 V 1 0 0  • 1 0 9 93 1 0 4  ,
3 7 5 3 . 1 0 Al 1 I. 39 7
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LAMBDA ION M. N. H A D : P R AD; C RAD e S Û ; P MEAN R A
A mA mA m A m A
3 7 5 4 . 5 9 Cr I 20 8 3 P P P 9 2 6 *
3 7 5 5 . 1 3 C r I 20 7 7 P P 77
3 7 5 5 . 5 0 Fe I 1 54 50 P P 6 8 6
3 7 5 5 . 6 1 Ca I 8
5 7 5 6 . 1Ü He 6 6 1 1 74 P P 9 9 5 1 0 8 5 ; ; 7
3 7 5 7 . 6 8 Ti I 72 6 8 P P P 6 8 7 A
3 7 5 8 . 3 6 Ca I S ' 8 3 P P 79 6
3 7 5 9 . 2 9 Ti I 13 4 4 4 P P 3 9 2 3 7 0 :  : 6
3 7 5 9 . 4 6 Fe I 1 54 7
3 7 6 1 . 3 2 T i . I 13 P 2 8 5 P P 2 7 3 6 A
3 7 6 1 . 0 9 Cr I 11 P 1 8 9 P P T89
3 7 0 2 . 8 9 Fe I 1 92 1 6 7 P P 1 31 1 1 8 : 6 A
3 7 0 4 . 0 9 Fe 29 91 P P 7 9 85 A
3 7 6 4 . 3 1 3 2 1 3 2
3 7 0 5 . 6 2 C r I 20 79 3 A
3 7 6 7 . 1 8 C r I 20 53 P 53
3 7 6 7 . 9 1 4 0 1 7 7 P 1 5 9
3 7 6 8 . 3 1 He 65 1 1 6 7 P P 1 4 9 4 1 3 3 1 : : 7
3 7 6 9 . 4 6 Ni I 4 P 7
3 7 7 0 . 4 1 Ti I 1 0 7 76 P P 7 6 7
3 7 7 3 . 3 0 F e I I 34 6 5 . 4 5 6
3 7 7 4 . 5 2 S 11 10 25 37 71 3 9 6
3 7 7 4 . 5 2 A I I 3 3
3 7 7 6 . 0 6 Ti I 7 2 5 7 P 57 A
3 7 7 6 . 8 0 S I 51 7 8 6 2 6 A
3 7 8 1 . 5 1 Fe I 1 30 P 121 3 A
3 7 8 3 . 1 6 S I 41
3 7 8 3 . 3 5 Fe I 14 3 3 3 P P P 2 8 0 :  : 6
3 7 8 4 . 8 9 He 64 9 2 4 P P 1 3 4 4 1 0 1 4 : ; 6
3 7 8 6 . 3 3 T i I 1 2 1 19 P P 9 3 : 6
3 7 8 6 . 3 7 Fe I 1 5
3 7 8 6 . 9 4 Fe I I 71 1 20 3
3 7 8 7 . 5 1 3 9 1 4 4 P 2 4 3 1 9 3
3 7 8 7 . 8 9 Cr I 6 1 4 3 161 1 3 7 6
3 7 9 1 . 4 1 Si 11 5 35 3 3 P 9 6 71 6 A
3 7 9 2 . 4 6 S I 50 39 3 9 A
3 7 9 3 - 5 2 Fe I I 71 64 P 56 6 A
3 7 9 5 . 4 1 Si I 7 . 0 8 1 15 P P 6 7 74 : : 6 A
3 7 9 6 . 1 1 Si 11 5 P • 11 5 P 1 14 1 1 8 6 A
5 7 9 8 . 5 6 Fe I 1 4 6 4 51 6 A
3 7 9 9 . 8 1 Ti I 13 37 3
3 8 0 0 . 4 3 Fe I I 4 7 4 9 89 6 9
3 8 0 1  . 21 C r I 59 59
3 8 0 1 . 6 3 Mn I 14 54 P P 6 0 6 A
3 8 0 2 . 6 5 S I 50 1 71 P P 7 6 1 0 7 :  : 6 A
3 8 0 3 . 8 8 Mn I 1 4 P
3 8 0 4 . 4 8 Mn I 14 71 P P 71
3 8 0 4 . 8 6 79 P 6 7 9 •
3 8 0 5 . 3 P P
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LAMBDA ION M . N . RAO ; P RAD : C RAD ES Ü: P MEAN R A
A m A mA m A m A «
3 3 0 5 . 7 7 He I 6 3 1 4 1 0 P P 1 4 4 2 1 2 8 7 :  : 6
3 8 0 6 . 5 4 Si I I I 5 P P P P 151 6 A
3 8 0 6 . 8 2 Fe 1 I 1 53 101 P 101
3 8 0 8 . 6 6 9 P 6 9
5 3 0 9 . 5 1 8 0 1 6 3 1 7 4
3 8 0 9 . 6 7 S I I 50 P P P ■ P 2 4 6 ★ ‘k
3 8 1 3 . 3 9 Ti I I 12 9 7 34 A
3 8 1 4 . 1 2 Fe I I 1 53 P ISO P 1 8 3 6 A
3 8 1 4 . 5 8 -Ti I I 12 1 5 5 161 P 1 0 2 1 3 9 A
3 8 1 5 . 3 8 9 8 9
3 8 1 7 . 7 74 P P 7 4 ■ Î
3 8 1 8 . 3  ' 1 01 101
3 8 1 9 . 2 5 [ He I ] 23
3 8 1 9 . 6 4 He I 22 2 1 3 2 P P 2 2 9 4 2 0 3 1  : : 6
3 8 2 1 . 3 P
3 8 2 1 . 9 2 Fe I I 14 1 0 9 P P 97 6 A
3 8 2 4 , 9 1 Fe I I 29 1 9 6 261 P 2 1 6 6
3 8 2 7 . 0 8 Fe I I 1 53 1 19 1 7 2 P 1 4 8 6 A 13 8 2 8 . 4 4 Fe I I I 7 0 , 9 5 1 0 3 9 8 . 6 . 13 8 2 9 . 4 7 [ He I ] 21 1 1 0 P P 1 1 8 1 5 6 ;  ; 6
3 3 2 9 . 7 9 N I I 30 1 1 4 P P P 1 1 4 A 13 8 3 1 . 0 2 V I I 3 P P
3 3 3 1  . 4 1 S I I 13 8 3 1 . 7 4 C I I 13 1 50 . P P 1 6 1 1 56 7
3 8 3 2 . 5 1 3 6 P 1 3 6
3 3 3 3 . 5 7 He I 62 1 6 2 1 P P 2 3 1 3 1 7 2 7 6
3 8 3 4 . 8 1 . Fe I I 1 29 62 P P P 62  ' A
3 8 3 5 . 7 3 C I I 13 1 71 P P P 2 1 3 : : 6
3 8 3 6 . 6 8 c I I 13 1 6 8 P P 1 7 3 6
3 8 3 3 . 0 9 He I . 61 2 9 3 P P 1 8 6 2 5 6 : 6 '3 8 3 8 . 3 9 N I I 3 0 â3 8 3 9 . 0 • SO 80
3 3 4 0 . 9 6 6 6 6 I3 8 4 2 . 1 8 N I I 30 52 8 2 3 6 8 0 : 6 A
3 8 4 3 . 0 0 Sc I I 1 8 2 8 0 6
3 8 4 4 . 4 8 V I I 20 ' 1 2 7 1 27 13 8 4 5 . 2 1 s I I 22 1 0 3 161 P 1 0 8 131 6 '3 8 4 7 . 4 1 N I I 30 P 7 0 7 8 , 75 6 A 1
3 8 4 8 . 2 4 My I 1 5 1 8 8 P P 1 7 2 1 9 7 6 A
3 8 4 9 . 5 8 Ni I I 11 2 6 6 2 8 5 P 2 0 2 2 3 8 6
3 3 5 0 . 4 0 Mg I I 5 P 1 9 6 P 1 6 3 1 8 7 6 A ' j
3 8 5 0 . 9 3 S I I ■ 50 8 9 1 4 7 P P 1 1 8 A
3 3 5 2 . 4 51 51
3 8 5 3 . 0 9 S I I 30 P P
3 8 5 3 . 6 6 Si I I 1 3 5 8 4 6 8 P 2 7 7 3 5 9  : 6 A
3 8 5 6 . 0 2 S i I I 1 5 4 7 6 0 3 P 5 3 8 5 5 5 6 A
3 8 5 6 . 0 6 rj I I 30
3 8 5 7 . 2 3 3 P 3 3
3 8 5 8 . 3 2 A I I I I 5 1 4 32 24 0 1
'  J  T  - ï  V ,  ' y  v P " .
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LAMBDA ION M. N. RAO : P RAD: C RAD ES Ql P MEAN R A
A m A mA m A m A
3 8 5 9 . 2 6 S I . 3 0 9 P 25 6
3 3 5 9 . 3 3 Al  I 3 8 ;
3 8 5 9 . ü 2 3 • 2 3
3 8 6 0 . 1 5 S I 41 92 P 6 3 7 8 6
3 8 6 0 . 6 4 S I 50 P P P 9 8 6 A
3 6 6 0 . 9 2 Fe I 1 0 1 101
3 8 6 2 . 6 0 Si  I 1 501 P 4 2 0 4 5 0 6 A
3 8 6 3 . 4 1 Fe I 1 52 1 2 3 3 A
3 8 6 3 . 9 5 Fe I 1 2 7 , 1 5 2 1 10 P 8 4  : 6 A
3 8 6 5 . 5 9 Cr I 1 67 6 4 7 3 6 9 ■7;
3 8 6 5 . 7 2 V I 20
5 8 o 6 . Ü l Cr I 1 30 55 P 5 5 : A ‘î
3 3 6 6 .  16 Al  I 17 ■ 6 9 P 1 32 6 A ,1
3 8 6 6 . 5 4 C r I 1 30 6 4 6 4 A
3 8 6 7 . 5 3 He 20 6 3 2 P 3 9 0 5 0 4  : : 6
3 8 7 0 . 0 6 Al  I 74 6 7 6 7 A
3 3 7 0 . 7 57 P P 5 7
3 8 7 1 . 3 2 He 60 1 5 7 9 P 1 8 2 4 1 5 8 3 ;  ; 6 ""c
3 8 7 2 . 7 6 Fe I 29 P
3 8 7 4 . 4 1 C r I 1 43 41 64 6 A
3 8 7 4 . 7 6 Cr I 1 43
3 8 7 6 . 3 5 C I 33 3 9 2 P 3 9 3 3 9 4 6 A
3 3 7 7 . 2 P
3 8 7 8 . 0 3 C I ' 33
3 8 7 8 . 1 8 He 59 1 59 P 3 6 1 2 9 5 :  : 6
3 8 3 0 . 5 9 C I 33 P 251 3
3 8 8 1 . 6 82 8 2
3 8 8 3 . 3 2 C I 53 2 9 3 ■3
3 8 8 7 . 5 6 9 P 9 0 8 0 -7
3 8 8 7 . 7 9 0 9 0 ft
3 8 8 8 . 6 5 He 2 8 6 2 P 7 0 4 7 8 0 : 6 7
3 8 9 2 . 1 4 Cr I 1 6 7
3 8 9 2 . 3 2 S I 50 1 0 8 P 1 3 4 131 6 A '7
3 8 9 2 . 5 P -,
3 9 0 0 . 5 5 Ti  I 34 2 7 5 P 1 7 6 2 1 2 : 6 A "73 9 0 0 . 6 8 Al  I 1 P 9 0 9 0 ’73 9 0 2 . 0 9 Sc  I 9 6 0 6 0
3 9 0 2 . 7 1 0 8 1 0 8
3 9 0 3 . 9 P î
3 9 0 5 . 6 4 Cr I 1 67 P 101 P 101 A
3 9 0 6 . 0 4 Fe I 1 73 • P P P 1 3 7 1 4 0 6 A ’i
3 9 0 6 . 9 5 S I 3 58 9 9 84 6 4  : 6
3 9 0 9 . 2 5 Cr 1 1 29 P
3 9 1 0 . 4 6 3 6 3
3 9 1 1 . 3 2 S I P
3 9 1 1 . 3 2 Cr 1 ' 1 29
3 9 1 3 . 4 6 Ti  I 34 211 P P 13 1 1 5 9 : 6 A
3 9 1 4 . 4 8 Fe I 3 P 6 7 6 7 6 A




3 9 1 8 .  19  
3 9 1 8 . 9 8
3 9 1 9 . 0 0  
3 9 2 0 . 6 9  
3 9 2 1  . 5
3 9 2 3 . 4 8
3 9 2 4 . 0 5
3 9 2 4 . 8
3 9 2 5 . 5
3 9 2 6 . 5 3
3 9 2 8 . 4
3 9 2 9 . 4  
3 9 3 0 . 3 1
3 9 3 1 . 9 4
3 9 3 2 . 0 1  
3 9 3 2 . 3 0
3 9 3 3 . 2 9  
3 9 3 3 . 6 6  
3 9 3 5 . 9 1
3 9 3 5 . 9 4
3 9 3 8 . 2 9
3 9 3 8 . 9 7
3 9 3 9 . 4 9
3 9 3 9 . 8
3 9 4 2 . 4
3 9 4 4 . 1 9  
3 9 4 5 . 0 0  
3 9 4  5 . 0 6 '
3 9 4 5 . 2 0  
3 9 4 6 . 2 8  
3 9 4 0 . 4 3
3 9 4 0 . 9 8  
3 9 4 7 . 7 2  
3 9 4 8 . 3 3
3 9 4 9 . 3 7
3 9 4 9 . 5 3  
3 9 5 0 . 4 2  
39 5 2 . 0 6  
39 5 2 . 4
3 9 5 3 . 8
3 9 5 4 . 3 8
3 9 5 4 . 8  
3 9 5 5 . 8 5
3 9 5 6 . 4  
3 9 6 0 . 9 0  
3 9 6 1  . 4  
3 9 6 1 . 5 5  
39 6 3 . 1 3  











































Fe I I I
N I I
Fe I I
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2 0 9 2
. 9 0  



















' 7 6  
9 9  
76  














6 4 2  
61 2
14 6 








75  p 
7 0  p
13
35
9 4  p
1 1 
1 0 5  p
271  




























1 1 4 
1 5 3  
59
4 3







1 0 7  
7 3  
6 7  
9 0  
7 2  
8 9  



















LAMBDA ION M. N.  RAD: P RAD:C RAD E S Oi P  MEAN
A mA mA mA mA
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3 9 6 4 . 7 3 He I 5 6 4 9 7 7 9 P 6 2 0 6 7 4 6
3 9 6 6 . 4 3 Fe I I 3 3 6 9 0 6 3
3 9 6 8 . 4 7 Cü I I 1 7 7 3 9 1 9 P 6 0 0 69 1  ; : *
3 9 6 9 . 5 2  . C I I 37 P
3 9 7 0 . 3 9 C I I 37 41 41
3 9 7 0 . 6 9 S I I 45 1 4 9 2 1 8 P 1 6 3 1 4 4 : : *
3 9 7 2 . 4 4 c I I 37 * 3 2 56 P 4 2 4 3
3 9 7 3 . 7 0 c I I 37 95 1 6 2 1 2 9
3 9 7 4 , 1 6 Fe I I 29 P 101 3 *3 9 7 4 . 5 1 2 4 7 2 9 8
3 9 7 4 . 6 54 P 54
3 9 7 5 . 0 3 Fe I I 1 91 4 *
3 9 7 7 . 2 7 . C I I 37 1 8 7 5 P 6 0  : 1
3 9 7 8 . 7 0 C I I 37 3 2 1 0 9 P 61 1
3 9 7 9 . 8 6 S I I 59 7 7 P P 7 2 6 9 1 ★
3 9 8 0 . 3 2 C 37 8 2 6 7 P 7 9 9 2 1 ■k
3 9 8 2 . 0 0 Ti I I 11 8 9 8 9
3 9 8 3 . 3 6 8  ■ 6 8
5 9 8 3 . 7 0 Al I I 32 ■ 7
3 9 8 5 . 9 1 Cr I I 1 0 1 6 9 P P 1 6 9
3 9 3 6 . 3 1 1 0 ■ 1 1 0
3 9 8 7 . 2 4 6 4 6
3 9 9 0 . 9 4 S I I 45 55 1 0 5 P 52 75 6 •k
3 9 9 1 . 4 7 V I I 10 55 55
3 9 9 3 - 5 5 S I I 29 8 3 181 P 1 0 9 121 :
3 9 9 5 . 0 0 N I I 12 . 3 5 4 4 1 5 P 3 1 7 3 1 4 : 6 k
3 9 9 8 . 7 9 S I I 59 1 52 2 1 8 P 1 0 8 131  ; 6 k
4 0 0 2 . 0 7 Fe I I 2 9 6 9 1 1 4 P 1 1 5 : : 6
4 0 0 2 . 5 5 Fe 1 I 1 9 0 1 2 5 1 7 2 P 1 4 5 1 4 7 k
4 0 0 3 . 8 9 S I I 45 8 8 6 k
4 0 0 7 . 3 • 51 5.1
4 0 0 7 . 7 8 S I 1 29
4 0 0 7 . 8 1 CHe n 56 70 P P 9 2 9 8 : 6
4 0 0 9 . 2 7 He I 55 1 4 5 0 P P 1 4 5 7 1 5 0 5
4 0 0 9 . 3 9 S 11 55
4 0 0 9 . 5 8 A l 11 37
4 0 0 9 , 8 8 C 11 27
4 0 1 0 . 5 64 3 8 51
4 0 1 0 . 6 3 8 38
4 0 1 1 . 6 65 65
4 0 1 2 . 5 7 Ti 1 1 11 . 1 1 8 P P 9 9  .
4 0 1 2 . 4 7 Fe 11 1 26 ,
4 0 1 3 . 8 0 Mg 11 22 1 1 1 1 6 7 P 1 4 6 6
4 0 1 5 . 3 1 4 9 1 4 9
4 0 1 5 . 5 0 N i 11 12 1 2 5 1 9 8 P 2 2 1 191 7 k
4 0 1 7 . 2 8 C 11 27 42 62 P 70 6
4 0 1 7 . 9 6 C r 11 1 6 6 64 6 4 k
4 0 1 8 . 9 6 0 6 0




LANÜDA ION M. N. RAD: P HAD: C RAD ES O; P MEAN R A
■ i
i
A m A m A mA m A
4 0 2 0 . 4 7 0 7 0
4 0 2 1 . 1 7 C I 27 P 6 6 4 :i
4 0 2 2 . 3 6 Cr I 1 33 P 6 2 6 2 *4 0 2 3 . 9 9 He 54 2 5 6 P P 1 9 9 2 7 0 :  : 6 vi;4 0 2 4 . 5 5 Fe I 1 27 1 4 3 ■p P 1 1 2 1 2 64 0 2 5 . 4 9 CHe I 19 P P 6 9 6 94 0 2 6 . 2 2 He 13 2 4 3 3 P P 2 0 3 7 2 2 2 9 6 i4 0 2 6 . 5 A L I 24
4 0 2 7 . 8 91 P 914 0 2 8 . 3 3 Ti  I 87 7 9 P 7 9 7 *
4 0 2 8 . 7 9 S ' I 4 5 9 2 •P 31 8 7 7 *
4 0 2 9 . 2 1 2 0 1 2 0
4 0 3 0 . 2 3 Cr I 19 P4 0 3 0 . 3 7 Al  I 72 52 P 52 *
4 0 3 1 . 1 7 A I I 72 5 7  . P 58 1 *
4 0 3 1 . 4 6 Fe I 1 51 7
4 0 3 2 . 3 1 S , I 58 2 3 3 P P 8 6 1 6 2 ; 6
4 0 3 2 . 9 5 Fe I 1 26
4 0 3 5 . 0 3 N I 3 9 7 6 8 5 81 6 *
4 0 3 5 . 5 72 P 7 2 ■j
4 0 3 3 . 2 8 7 8 7
4 0 4 1 . 3 1 N I 3 9 52 32 76 91 : 1 ★
4 0 4 1 . 3 4 Fe I 13 55 55
4 0 4 3 . 5 3 N I 39 1 0 0 3 ■k
4 0 4 4 . 4 9 P I 30 71 1 9 3 P 1 3 2 •k ■Î
4 0 4 5 . 1 6 CHe I 17 52 74 P 6 3
4 0 4 5 . 5 8 0 8 0
4 0 4 7 . 3 57 57
4 0 4 3 . 8 3 Fe I 1 72 1 2 8 1 5 0 P 1 1 3 6 . *4 0 5 0 . 1 1 S I 45 1 4 3 *
4 0 5 3 . 8 1 Ti  I 6 7 9 0 181 1 3 6 *
4 0 5 4 . 1 1 C r I 19 72 3 *
4 0 5 6 . 9 0 • I 39 7 7 . 1 0 6 P 54 7 3 : *4 0 5 7 . 4 6 Fe I 2 1 2 121 3 ★
4 0 5 7 . 7 9 6 9 6
4 0 5 3 . 7 0 S I 54 8 5 :  : 3 ,4
4 0 6 1  . 7 9 Fe I 1 89 6 7 2 6 41 1 *
4 0 6 2 . 0 8 P I 17 7 3 73 *
4 0 6 3 . 9 4 Cr I 19 7 3 9 5 84
4 0 6 5 . 0 1 1 1 P 111 J;4 0 6 5 . 3 1 1 1 111 ■ ;
4 0 6 7 . 0 5 Ni  I 11 2 2 8 321 P 2 7 5  : : ' 6 * Ï
4 0 6 7 . 2 1 1 8 1 1 8
4 0 6 9 . 8 3 Fe I 1 38 3 0 4 1 1 *
4 0 7 2 . 5 6 Cr 1 26 2 3 2 4‘
4 0 7 3 . 0 4 rj I 38 8 2 7 9 1 1 3 : 1
4 0 7 4 . 5 2 C I 36 P P P 2 1 7 21 7 4
4 0 7 4 . 8 5 C. I 36 P P P 1 7 8 1 78 14 0 7 5 . 4 0 C I 36
_4 - > '  I '.A 'w
■ V ,. { -■ '■ : - 7 -  - J 5  .
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LAMBDA ION M. N. RAO ; P RAD:C RAO ESO: P MEAN R A . ..I
A m A mA m A m A •s'
4 0 7 5 . 4 5 S i  I I 3 . 0 1 2 1 2 P P 2 1 2 7 * :
4 0 7 5 . 8 5 C I I 36 3 3 5 2 6 9 P 3 1 7 3 2 7 6
4 0 7 6 . 1 4 C I I 3 5 . 0 1 P 1 1 5 P 11 5 ' =
4 0 7 6 . 7 3 s i  I I 3 . 0 1 8 9 1 4 0 P 1 50 1 3 2 *
4 0 7 6 . 8 7 Cr I I 19 P P P 1 2 0 3 ■ 4
4 0 7 7 . 5 0 Cr I I 19 P 6 9 P P 6 9
4 0 7 7 . 6 3 C I I 3 6 '  9 4 P P 9 4
4 0 7 7 . 7 9 C 11 3 5 . 0 1 4 5 2 8 P 3 7
4 0 7 8 . 3 1 2 8 1 2 8 ■'?
4 0 8 0 , 0 4 P I I I 1 51 3
4 0 8 1 . 2 1 C r I I 1 65 2 3 2 3
4 0 3 2 . 2 7 N I I 38 P P P 9 6 1 ★
4 0 8 2 . 8 9 N I I 3 8 7 0 P 6 4 84 1
4 0 8 6  . 1 4 Cr I I 26 7 7 3 * ;
4 0 8 6 . 9 8 0 8 0
4 0 8 7 . 6 3 Cr I I 19 8 3 3 6
4 0 8 3 . 9 0 • Cr I I 19 61 4
4 0 8 9 . 4 9 Cr I I 1 64 19 19 i
4 0 9 1  . 2 3 9 3 9
4 0 9 3 . 9 0 My I I 2 9 7 6 8 9 4 3 74 6
4 0 9 4 . 3 3 2 32
4 0 9 5 . 9 0 N I I 38 41 18 3 9 3 4 7 * i-
4 0 9 7 . 1 2 Ca I I 17 42 42 ★
4 0 9 7 . 3 51 4
4 0 9 7 . 3 51 3 9 4 5 .
4 0 9 9 . 1 6 6 6 6
4 0 9 9 . 9 4 N I 10 4 6 9 7 P 1 0 6 6
4 1 0 0 . 5 53 53 '
4 1 0 9 . 3 3 Ca I I 41
4 1 0 9 . 9 5 N I 10
4 1 1 0 . 0 4 N I I . 44 2 7 4 P P 1 3 7 2 4 9 6 *
4 1 1 0 . 3 3 Ca I I 17 -V
4 1 1 1 . 0 1 Cr I I 1 3 , 2 6 55 3 k
4 1 1 1 . 9 0 Fe I I 1 38 9 3 4 k ■?
4 1 1 2 . 5 9 C r I I 18 92 6 3  : 1 i
41 1 3 . 2 4 Cr I I 13 53 53
4 1 1 7 . 0 9 . P I I 17 7 3 11 6 9 5 J
4 1 1 9 . 5 3 Fe I I 21 1 1 6 3 9 7 3  : :
4 1 2 0 . 8 6 He I 16 6 5 8 7 4 9 P 5 2 3 5 8 2  : : 6 1
4 1 2 2 . 6 4 Fe I I 23 1 5 2 P 53 1 1 8 : 6
4 1 2 4 . 7 9 Fe I I 22 P 92 3
4 1 2 3 . 0 7 S i  I I 3 o i l . P P 4 5 5 5 2 2  : 6 k ■
4 1 3 0 . 8 9 S i  I I 3 7 3 2 P P 4 3 8 6 1 6 : : 6
4 1 3 1 . 7 3 N I I 4 3 . 0 1 P P
4 1 3 2 . 4 1 Cr I I 26 7 0 1 1 8 P 4 9 7 2 : * V
4 1 3 3 . 0 4 6 4 6
4 1 3 3 . 6 7 N I 1 65 5 9 1 20 9 0
4 1 3 5 . 7 7 C r 11 1 63 1 0 2 52 7 7 7 i
4 1 3 7 . 0 4 N 1 6 1 3 5 25 3 7 : 6 ■ j
J
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LAMBDA ION M. N. RAD : P R A D : C RAD ESO; P MEAN. R A
A m A m A m A m A
4 1 3 8 . 1 1 0 8 1 0 8
4 1 3 8 , 4 0 Fe I I 39  • 1 4 3 121 : 1
4 1 4 1  . 2 5 CA l I n  17 1 3 4 P 4 2 1 0 9 :  : 1
4 1 4 1  . 6 8 2 8 2
4 1 4 2 . 2 9 S . I I 44 4 7 P P 1 0 3  ' 7 5 : 7 * .i
4 1 4 3 . 7 6 Me I 53 1 8 0 9  . P P 1 5 9 4 1 6 4 3 1
4 1 4 4 . 2 58 58
4 1 4 5 . 1 0 S I I 44 P P P 3 7 7 3 :  : 1 *
4 1 4 5 . 7 8 N I I 65 1 4 3 P P P . 1 0 5 :  : 1 * '14 1 4 6 . 9 4 S I I 65 P P 34 6 5 : 1 ■
4 1 5 1  . 4 3 N I 6 1 3 3 P 8 0 1 0 5 6
4 1 5 2 . 5 1 2 6 1 26
4 1 5 3 . 1 0 S I I 44 1 4 3 3 9 7 P 1 2 9 2 0 6 : : 6 * "i
4 1 5 6 . 3 9 N I I 50 1 7 0 2 2 5 P 6 6 1 5 7 :  ; 1
4 1 5 7 . 0 1 N I I 50 P 9 9 7 3 8 6
4 1 5 9 . 3 1 A l I I 71 94 94 7 *
4 1 6 0 . 2 6 Al  I I 71 3 9 34 1 *
4 1 O Ü . 5 0 N I I 50 8 9 1 7 7 P 1 3 3
4 1 6 1 . 1 4 N I I 50
4 1 6 1  . 5 2 Ti  I I 21 50 3 ★ y
4 1 6 2 . 7 0 S I I 4 4 , 6 5 2 7 8 3 8 8 P 1 8 3 ■ 2 4 0 : : 6 *
4 1 6 3 . 6 4 Ti  I I 1 0 5 1 34 161 P 1 8 8 9 8 : 6 ★
4 1 6 5 . 1 1 S I I 64 1 1 7 2 8 7 3 6
4 1 6 6 . 7 3 P I I 16 6 7 1 5 8 6 5 :  : 6
4 1 6 8 . 4 1 S I I 44 •
4 1 6 3 . 6 6 Fe I I 22
4 1 6 8 . 9 7 He I 52 4 6 6 6 6 0 P 3 6 9 4 4 1 : : 6
4 1 7 1 . 6 1 N I I 43 57 70 P 9 2 : 1 •k
4 1 7 1 . 9 0 Ti  I I 1 0 5 i
4 1 7 1 . 9 2 C r I I 18 4 0 6 7 P 101 9 6 1
4 1 7 3 . 4 $ Fe I I 27
4 1 7 3 . 5 4 Ti  I I 21 , 3 0 6 3 0 4 P 2 0 9 2 1 6 : : 1
4 1 7 3 . 5 7 N I I 50
4 1 7 3 . 3 P
4 1 7 4 . 0 4 S I I 64 P 1 4 4 P 2 4  5 :  : 6 Ci:
4 1 7 4 . 0 9 Ti  I 1 1 05
4 1 7  6 . 1 6 N I I 43 1 14 25 4 9 54 6 *
4 1 7 7 . 7 0 Fe I I 21 9 7 11 5 P 6 4 9 5 7 * "j
4 1 7 8 . 8 6 Fe I I 28 4 1 8 431 P 2 7 5 3 1 6 :  ; 0
4 1 7 9 . 6 7 N I I 50 40 6 4 52 * j
4 1 8 0 . 7 0 S I I 64 35 3 9 ô
4 1 8 3 . 3 5 S i I I • 7 . 2 6 42 3
4 1 8 4 . 0 9 Fe I I I 22 1 5 3
4 1 8 4 . 3 3 Ti  I I 21 6 6 59 1
4 1 8 5 . 9 5 S I 31 31
4 1 û 6 , 3 9 9 P - 9 9 ' i4 1 6 7 . 1 4 S i I I 7 . 1 7 P 181 P 91 1 3 6 : : *
4 1 8  8 . 0 9 9 P 9 9
4 1 8 9 . 7 1 S I I 4 4 , 6 4 93 1 9 0 P 8 7 1 1 5 : : 1 * -C
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l a m b d a ION M. N. R A D : P RAO: C RAO ESC : P MEAN R A
A fïïA m A m A m A ■i
4 1 9 0 . 2 9 Ti  I 21 6 4 1 2 5 P P 1 1 5 1
4 1 9 0 . 7 2 S i  I 7 . 2 6 P 6 7 P 6 3 7 9 1
4 1 9 2 . 5 3 8 8 6 <
4 1 9 3 . 4 4 My I 26 8 8 1 3 7 P 9 8 9 7 6 *
4 1 9 5 . 9 7 N I 4 9 ' 2 4 4 2 3 3 7 ★ S4 1 9 6 . 4 2 Ne 6 5  . 5.0 3 6 4 8 7 *%4 1 9 6 , 6 4 Ti  I 21 P 84 84
4 1 9 6 . 1 3 S i  I 7 . 2 6 7 7 9 9 52 7 0 6 4
4 1 9 9 . 9 6 N I 49 4 8 95 72 *
4 2 0 0 . 7 9 S i I 7 . 0 6 1 13 1 8 8 P 1 2 9 1 4 9 6 *
4 2 0 6 . 2 1 Ca I • 16 1 0 8 46 50 1
4 2 0 6 . 3 6 Mn I 7
4 2 0 7 . 3 5 Cr I 26 2 9 4 ★ 4
4 2 1 1 . 1 34 8 4 •;
4 2 1 1 , 3 0 Fe I 21 1 69 10 4 • 9 6 1 1 7
4 2 1 3 . 5 0 S I 44 21 3 2 3 6 6 *
4 2 1 5 . 7 7 C r I 18 3 9 4
4 2 1 7 . 2 3 S I 44 57 4 9 6 7 1 ■k ■1
4 2 2 3 . 3 1 1 7 1 1 7 A
42 2 4 . 3 5 Cr I 1 62 74 8 3 7 9 ★
4 2 2 6 . 5  ■ 6 8 6 6  ■ A
42 2 7 . 4 9 A l I 46 9 8 9 6 P 9 7 ★ ,54 2 2 7 . 7 4 N I 33 1 11 9 7 P 35 7 0 :  : *
4 2 2 7 . 9 9 .AL I . 46 74 P P 7 4 *
4 2 2 6 . 2 1 13 . 1 1 3
4 2 2 9 . 6 1 Cr I 26 16 21 6 j
4 2 3 0 . 2 8 0 8 0
4 2 3 0 . 9 8 S I 67 5 P 39 2 2 7 * .4 2 3 3 . 1 7 Fe I 2 7 3 7 8 371 P 2 4 0 3 3 0 :  : 1 4
4 2 3 3 . 2 5 Cr I 31 ■j
4 2 3 6 . 3 3 C r r 17 7 7 7 7 I
4 2 3 6 . 9 6 N I 4 6 . 1 1 2 1 0 3 P 67 8 7 *
4 2 3 7 . 0 5 N 1 4 8
4 2 3 7 , 9 6 3 6 3
4 2 3 6 . 6 9 Cr I 17 111 P 111 - t
4 2 3 8 . 7 9 Mn I 2 1 0 0 1 0 0
4 2 4 0 . 7 5 AL I 36 7 -i4 2 4  1 . 7 6 N I 4 8 8 8 121 P P 1 0 5 * %
4 2 4 2 . 3 8 Cr 1 31 P 1 7 6 P 1 5 5 6 *
4 2 4 2 . 4 7 My I 20 2 8 3  . 1 9 0 P 141 1 6 9 *
4 2 4 6 . 4 1 Cr I 31 6 3 3 A
4 2 4 6 . 3 3 Sc  I 7 1 4 5 1 8 5 P 1 6 5 * " ■;
4 2 5 1 . 4 9 Fe I 12 6 3 1 2 38 -i
4 2 5 2 . 6 2 Cr I 31
42  5 3 . 0 2 Mn I 7 9 6 1 1 3 P 4 6 7 5 :  :
4 2 5 3 . 5 9 S I I 4 1 9 25 2 3 23 *
42  5 6 . 1 6 C r I 1 92 9 6 9 6 * ■'"i
4 2 5 7 . 4 2 S I 66 56 P 53 55








4 2 5 9  
4 2 6 1
4 2 6 3  
42  64
4 2 6 4  
4 2 6 7 . 1 4  
4 2 6 9 . 2 8  
4 2 6 9 . 7 6  
4 2 7 1 . 1  
4 2 7 1 . 9 4  






4 2 7 5
4 2 7 8
4 2 7 9
4 2 8 1
4 2 8 2  
4 2 8 3 . 7 7
4 2 8 4 . 2 1  
4 2 8 4 . 4 3  
42 8 4 . 9 9  
4 2 8 5 . 7 0
4 2 8 7 . 8 9
4 2 9 0 . 2 2  
4 2 9 1 . 4 5  
4 2 9 1 . 3 2
4 2 9 2 . 2 5
4 2 9 4 . 1 0
4 2 9 4
4 2 9 5
4 2 9 5
4 2 9 6  
4 3 0 0 . 0 5  
4 3 0 0 - 2 0  
4 3 0 1  
4 3 0 3  
4 3 0 5  
4 3 0 7
4 3 0 7 . 9 0  
4 3 1 2 . 8 6
4 3 1 3 . 1 0  
4 3 1 4 . 0 3  
4 3 1 4 . 2 9  
4 3 1 4 . 9 8  
4 3 1 6 . 8 1
4 3 1 7 . 2 6
4 3 1 8 . 2 2  
4 3 1 8 . 6 0  
4 3 1 8 . 6 3  



































































































2 2 0  
28  
4 9






1 50  
1 3 7
72
8 5  


































































4 2  
7 5  
101 
9 0 8 :  ; 
1 2 1  : : 
11 2 
7 2  
5 9  
9 7  
1 1 5  
1 0 7  
8 7  
10 
61 
8 3  
58  
4 2  
54
6 5  
72  
9 0  
9 7  
8 0
1 1 7  
























4 3 2 1 . 3 4 Fe
4 3 2 1 . 6 5 C
4 3 2 3 . 1 0 C
4 3 2 3 . 8 1 Fe
4 3 2 4 . 3 6 Fe
4 3 2 5 . 1 0 Mn
4 3 2 5 . 8 3 C
4 3 2 6 . 1 6 C
4 3 2 8 . 9 1 Cr
4 3 2 9 . 7
4 3 3 0 . 2 6 Ti
4 3 3 1  .  53 Fe
4 3 3 1 . 9 3 My
4 3 3 2 . 0 0 , Al
4 3 3 2 . 4
4 3 3 7 . 3 3 Ti
4 3 3 7 . 9 2 Ti
4 3 3 8 . 5 0 Si
4 3 3 8 . 7 0 Fe
4 3 4 0 . 3 0 S
4 3 4 0 . 7
4 3 4 1 . 3 7 Ti
4 3 4 2 . 8 4 S
4 3 4 3 . 9 9 M n
4 3 4 4 . 7
4 3 5 0 . 8 3 Ti
4 3 5 1 . 7 6 Fe
4 3 5 2 . 7 0 Fe
4 3 5 4 . 3 6 Fe
4 3 5 4 . 5 6 S
4 3 5 5 . 4
4 3 5 7 . 5 7 Fe
4 3 6 1 . 5 3 S
4 3 6 2 . 1 0 N i
4 3 6 2 . 4
4 3 6 3 . 4
. 4 3 6 4 . 7 3 S
4 3 6 5 . 5 6 Fe
4 3 6 7 . 6 6 Ti
4 3 6 8 . 2 6 C
4 3 6 9 . 4 0 Fe
4 3 7 0 . U
4 3 7 0 . 1 3 C
4 3 7 1 . 1 0 Fe
4 3 7 1 . 5 9
43  7 2 . 0
4 3 7 2 . 3 5 C
4 3 7 2 . 4 9 C
4 3 7 4 . 2 7 C
M. N.
2 2 0  2 j  
28  
32  
1 47  
6 
23  




















1 04  




4 5 , 4 6
45
45

































1 0 8 6
6 9 3
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L
LAMUDA ION M .  N . RAD : P RAD; C RAO ES ü :  P MEAN R A
A m A m A m A mA •
43 7 4 . 9 8 N 1 I, 16 P P ' i:
4 3 7 5 . 0 1 C I I 45 P
4 3 7 6 . 5 6 ' C I I 45 P P 8 7  . 91 6
4 3 7 9 . 3 4 7 4 7 ■S
4 3 7 9 . 5 9 N I I 16 P : 3 3 3 3 *
4 3 8 2 . 3 1 Fe I I I 4 9 0 5 * ■=1
4 3 3 3 . 1 - P 3 4 34
4 3 8 4 . 0 P
4 3 8 4 . 3 3 Fe I I 32 1 3 4 1 3 4 :  : ■k
4 3 8 4 . 6 4 My I I 10 P P 1 24 1 85 ô ■k
4 3 8 5 . 3 8 Fe I I 27 P P 1 0 7 8 8 ô k •-■i;4 3 8 6 . 5 7 Fe I I 26 P 21 21 7 *
4 3 3 7 . 9 3 lie I 51 P P 1 2 2 3 1 3 2 2 ô
4 3 9 0 . 5 9 H y I I 10 P P 2 0 6 1 9 0 6 *
4 3 9 1 . 8 4 S I I 43 4 5 58 6 *
4 3 9 4 . 7 70 7 0
4 3 9 5 . 0 3 Ti  I I 19 P P 81 1 0 6 : ô * 1
4 3 9 5 . 7 8 Fe I I I 4
4 3 9 5 . 8 5 Ti  I I 61 P 8 8 1 2 2 :  ; 1
4 3 9 9 . 7 7 Ti  I I 51 6 2 4 7 6 * ;
4 3 9 9 . 8 6 Fe I I 20
4 4 U U . 6 3 Ti  I I 9 3 31 3
4 4 0 2 . 8 6 S I I 43 55 5 0 6 *
4 4 0 9 . 2 2 Ti  I I 61 - ?
4 4 0 9 . 5 2 Ti  I I 61 P 8 5 8 5 : S
4 4 0 9 . 9 8 C I I 4 0 P 3 7 8 0 6
4 4 1 0 . 7 4 8 4 8
4 4 1 1 . 1 6 C I I 3 9
441 1 -,51 C I I 39 P P 1 8 1 : 6
441 1 . ,94 T i I I 61 ;
4 4 1 3 . 2 6 C I I 3 9 1 5 5 ;
4 4 1 3 . 6 0 Fe I I 32 1 1 4 *
4 4 1  5 . 3 7 . S I I 53 2 6 5 * ’!
4 4 1 6 . 8 2 Fe I I 27 P 1 54 1 4 0 1 *
4 4 1 7 . 7 2 Ti  I I 4 0 P 52 74 6 * . ,
4 4 1 8 . 8 4 S I I I 4 6 0 5
4 4 1 9 . 5 9 Fe I I I 4 6 6 9 4 : 6 •k
4 4 2 0 . 3 6 6 6 6
4 4 2 0 . 9 6 3 6 3
4 4 2 7 . 2 4 N I I 55
4 4 2 7 . 9 0 Ti  I I 61
4 4 2 7 . 9 6 N I I 55 ■'
4 4 2 8 . 0 0 My I I 9 P 5 9 1 2 9 : 6 k ’■!
4 4 2 8 . 6 70 70
4 4 3 0 . 8 P 3 3 33
4 4 3 0 . 9 5 Fe I I I 4 8 9 5 *
4 4 3 1 . 0 2 S I I 32 30. 30 :
4 4 3 1 . 8 2 N I I 55 52 52 * '




6 4 3 2 . 7 4 N I I 55
4 4 3 3 . 9 9 My I I 9
4 4 3 6 . 4 8 Mg I I 19
4 4 3 7 . 5 5 Ke i 50
4 4 3 9 . 8 7 S I I I 7
4 4 4 2 . 0 2 N 11 55
4 4 4 3 . 8 0 Ti  I I 19
4 4 4 4 . 5 6 Ti  I I 31
4 4 4 5 . 2 6 Fe I I 9
4 4 4 6 . 2 5 Fe I I 1 8 7
4 4 4 7 . 0 3 N I I 15
4 4 5 0 . 4 9
4 4 5 5 . 0
Ti  I I 19
4 4 5 6 . 4 3 S I I 4 3
44 5 9 . 9 3
4 4 6 ü .  4
U I I 21
4 4 6 3 . 5 8 S I I 4 3
4 4 6 4 . 4 3 s I I
4 4 6 4 , 4 6 Ti  i l 4 0
4 4 6 6 . 5 0 Ne I
4 4 6 8 . 4 9 Ti  I I 31
4 4 6 9 . 1 6 T i I I 18
4 4 6 9 . 9 2 CHe n 1 5
4 4 7 1 . 5 1 He I 14
4 4 7 2 . 9 2 Fe I I 3 7
44  7 5 . 6 6 Ne I
4 4 7 7 . 6 9 N I I 21
4 4 7 8 . 4 8 S I I I 7
4 4 8 1 . 2 3 My I I 4
4 4 8 3 . 4 2 S I I 43
4 4 8 6 . 6 6  
4 4 8 7 . 2
S I I 4 3
4 4 8 9 . 1 9 Fe I I 37
4 4 9 1  . 4 0 Fe I I 37
4 4 9 2 . 3 0 S I I 58
4 4 9 3 . 5 3 Ti  I I 18
4 4 9 5 . 9 0 S I 1 4 8
44 9 6 . 9 9 Mm I I 17
4 4 9 7 . 8 8 S I I 53
4 5 0 1 . 2 7 Ti  I I 31
4 5 0 7 . 2 0 Fe I I 2 1 3
4 5 0 7 . 5 6 N I I 21
4 5 0 8 . 2 8 F e I I 33
4 5 1 0 . 2 1 Mn I I 17
4 5 1 2 . 5 4 Al  I I I 3
4 5 1 5 . 3 4 Fe I I 37
4 5 1 7 . 4 3 CHe I ] 13
45 2 0 . 2 3 F e I I 37
4 5 2 0 . 3 7 Ti  I I 30
m A m A
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?A0 E S ü : P MEAN R A
mA ■ m A
8 9 8 9 *
P 1 55 1 5 0 6 *
P 1 0 7 1 7 4 : 6 *
P 3 8 0 3 6 2 6
2 3 4
44 44 * ■’i
P 74 7 9 6 k
9 3 1
4 4 4 V
P 5 5 : 5 k i
P 1 1 4 11 7 6
P 34 5 k6 7 6 7
P 6 7 5 k
5 6 56
P -'î
P 1 26 1 0 6 6 k
P P
P 6 6 83 1
P 51 51 7
P 8 7 8 6 6 k
P 73 8 7 2
P 1 0 6 1 0 0 6
P 2 0 6 3 2 1 6 6 6
P 1 7 1 k
P 4 0 4 0 7
P 6 6 6 6 7
P 8 2 4 7 5 5 O k94 1 0 4 6 k ■
6 3 3 k ■ '•
P •'î84 3 k
P 1 7 4 1 7 9 : 6 k
6 8 6 0 6 k 1■ 35 3 k
4 2 4 2 k ' •3 7 3 k
1 7 3 k
P 8 7 8 7 6 *7 4 *
4 2 4 k
P 1 59 1 9 8 : 6 k
4 8 5 k
7
P 1 6 0 1 4 4  : 6 k
P 11 3
P 8 4 1 2 3 6




4 5 2 2 . 6 3 Fe I I 3 8
4 5 2 4 , 6 8 S I I 4 0
4 5 2 4 . 9 5 S I I . 4 0
4 5 2 9 . 1 5 Al 11 I 3
4 5 3 0 . 4 1 ti I I . 58
4 5 3 4 , 1 7 Fe I I 37
4 5 3 4 , 2 6
4 5 3 4 . 7
My I I 26
4 5 3 7 . 7 5 Ne I 11
4 5 3 9 . 6 2 Cr I I 3 9
4 5 4 0 . 3 8 Ne I 17
4 5 4 1 . 5 2 Fe' i  1 3 8
4 5 4 5 . 1 4 I i 11 3 0
4 5 4 9 . 2 1 Fe 11 1 8 6
4 5 4 9 , 4 7 Fe 11 38
4 5 4 9 . 6 2 Ti 11 82
4 5 5 2 . 6 2 S i 1 1 1 2
4 5 5 5 . 0 2 C r 11 44
4 5 5 5 . 8 9 Fe 11 37
4 5 5 8 . 6 6 Cr 11 44
4 5 5 8 . 8 3 Cr 11 44
4 5 6 3 . 7 6 Ti 11 50
4 5 6 5 . 7 8
4 5 6 6 . 3
Cr I I 39
4 5 6 7 . 8 2 S i 1 1 1 2
4 5 7 1 . 2 4 C r 11 16
4 5 7 1 . 9 7 Ti 11 82
4 5 7 4 . 7 6 S i 1 1 1 2
4 5 7 6 . 3 3 Fe 1 1 3 8
4 5 7 7 , 7 8






4 5 8 0 . 0 6 Fe 11 2 6
4 5 8 2 . 1 2 Fe 11 19
4 5 8 2 . 8 4 Fe 11 37
4 5 8 3 . 8 3 Fe 11 3 8
4 5 8 3 . 9 9 Fe 11 26
4 5 8 5 . 8 2 A I 11 45
4 5 8 8 . 2 2 Cr 1 1 4 4
4 5 8 8 . 2 2 Al 11 45
4 5 8 3 , 4 0 C r 11 16
4 5 8 9 . 7 5 A I 11 45
4 5 8 9 . 9 6 Ti 50
4 5 9 2 . 0 9  
4 5 9 3 . 6
C r 11 44
45  9 5 . 6 8 F e 11 38
4 6 0 1  - 34 Fe 11 43
4 0 0 1 . 4 8  
4 6 0 6 . 3
N 11 5
4 6 0 7 . 1 6 N 11 5
RAO: P RAD:C HAD ESO: P.  
mA mA mA
1 8.0
2 0 7  




1 9 6  
9 4  










1 23  
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1 6 0 :
1 6 8 ;
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LAMBDA ION M . N . RA D: P RAO:C RAD ESC:  P MEAN R A
i
A in A m A • m A m A Î
4 6 1 2 . 8 4 P I 9 1 4 4
4 6 1 3 . 8 7 N I 5 1 1 9 1 3 9 : 6 *
4 6 1 6 . 6 4 Cr I 44 7 4 3 *
4 6 1 8 . 3 3 Cr I 44 2 0 7 3 *
4 6 2 0 . 5 1 Fe I 3 3 P 1 5 0 1 7 5 6 *
4 6 2 1 . 3 9 N I 5 P 1 7 2 24 6 : 6 *
4 6 2 1  . 4 1 Cr I 25 -
4 6 2 5 . 9 1 Fe I 1 86 P 1 5 3 4
4 6 2 6 . 3 1 1 7 11 7
4 6 2 9 . 2 9 Ti  I 3 3 -■34 6 2 9 . 3 4 Fe I 37 P 1 9 6 2 0 9 6
4 6 2 9 . 7 0 AI I 35
4 6 3 0 . 5 4 N I 5 P 2 0 5 2 8 0  : : 6
4 6 3 4 . 1 1 Cr I 44 P 1 2 3 1 0 8 6 *
4 6 3 5 . 3 3 Fe I 1 86 P 1 4 0 ;  ; 3 *
4 6 3 5 . 5 1 2 7 1 2 7
4 6 3 6 . 3 5 Ti  I 3 8 P i
4 6 3 7 . 6 3 C I 1 2 . 0 1 1 2 0 : 3
4 6 3 8 . 9 1 C I 1 2 . 0 1 1 6 0 3 -.i4 6 4 0 . 6 4 P 2 6 4
4 6 4 1 . 3 1 0 I 1 P 29 4 * ■f
4 6 4 3 . 0 9 N I 5 P 1 6 4 1 9 9 ; 6 *
4 6 4  5 . 8 P
4 6 4 3 . 1 7 S I 36 5 4 * d
4 6 4 8 . 9 3 Fe I 25 9 3 :  : 3 i4 6 5 4  . 5 3 , N I P
4 6 5 6 . 7 4 S I 9 • P 1 0 4 1 0 4 *
4 6 5 6 . 9 7 Fe I 43 P 1 0 9 . 1 0 9 7 a
4 6 6 0 . 9 3 Fe I 1 46 P 'A
4 6 6 1  . 1 9 Fe I 1 70
4 6 6 2 . 7 1 Ti  I 38  . A
4 6 6 2 . 7 4 Ti  I 38
4 6 6 3 . 0 9 N e P 5 0 7 3 0 7 7
4 6 6 3 . 7 0 Fe I 44 5 7 4
4 6 6 6 . 7 5 r e I 37  • P 97 92 1
4 6 6 7 . 2 1 N I 11 P
4 6 6 8 . 5 8 5 I 3 6 P 1 1 6 9 0 6
4 6 7 0 . 1 7 Fe I 25 P 1 0 0 4 * .
4 6 7 4 . 2 P ft
4 6 7 4 . 9 1 N I 11 P
4 6 8 1  . 3 2 S I 8 P 5 2 52 ft
4 6 8 3 . 3 6 S i  I I - 13 P ft
4 6 6 5 . 9 5 Fe I 50 P ft
4 6 9 7 . 6 2 C r I 1 77 P
4 7 0 0 . 8 0 P I 14 P -
4 7 0 1  . 6 5 AI I I 6 P
4 7 1 2 . 0 6 N e ■ 1o P P
4 7 1 3 . 2 0 H e 12 P 6 0 6 6 0  6
4 7 1 5 . 3 4 Ne 16 P 9 6 9 6
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LAMBDA ION M. N. RAD: P R AD; C RAD ES 0 : F MEAN
A m A mA m A m A
4 7 1 6 . 2 3 S I I 9 P 2 4 4 2 4 4
4 7 2 9 . 4 5 S I I 4 6 P
4 7 3 0 . 3 6 Mn I I 5 P4 7 3 1  . 4 4 Fe I I 4 3 P
4 7 3 7 . 9 7 C I I 1 P 1 8 8 1 8 8
4 7 3 9 . 5 9 Mg I I 18 P 2 2 0 2 2 04 7 4 4 . 7 7 C 1 1 1 P 1 53 1 5 34 7 5 1  . 7 P .
4 7 5 2 . 7 3 Ne I 21 P 2 0 0 2 0 0
4 7 5 5 . 1 2 S I I 35 P
4 7 5 6 . 5 1 8 5 1 8 5
4 7 6 9 . 0 P
4 7 7 1 . 2 P P
4 7 7 5 . 3 P P
4 3 0 2 . 3 6 ' Ne I P
4 3 0 3 . 2 7 N I I 2 0 P
4 8 1 5 . 5 2 S I I 9 P
4 3 2 4 . 0 7 S I I 52 P4 3 2 4 ,  13 Cr I I 30 P
4 8 5 1 . 1 0 Mg I I 25 . P
4 9 2 1 . 9 3 He I 4 8 P
4 9 2 3 . 9 2 Fe I I 42 P
5 4 9 5 . 6 7 N I I 29 7 2
5 4 9 6 . 4 5 S i  I I 32 8 2
5 4 9 9 . 7 2 P 11 6
5 5 0 7 . 1 5 P I I 23
5 5 0 9 . 6 7 S I I 6 1 7 7
5 5 1 0 . 6 8 Cr I I 23 9 9
5 5 1 8 . 7 4 S I I 61 4 5
5 5 2 6 . 2 2 S I I 11 8 3
5 5 3 4 . 3 6 Fe I I 55 81
5 5 3 5 . 3 5 C I I 10
5 5 3 7 . 6 1 C I I 10
5 5 4 0 . 7 4 S i  I I 9 54
5 5 4 1 . 1 9 F I I 23
5 5 5 6 . 0 1 S I I 6 1 2 2
5 5 5 9 . 0 6 S I I 61
5 5 6 2 . 7 7 Ne I 19 9 3
5 5 6 4 . 9 4 S I I 6 2 1 7
5 5 7 3 . 3 0 Fe I I I 6 8 2 0
5 5 7 6 . 6 6 S i  I I 9 6 9
5 5 7 3 , 3 5 S I I 11 1 28
5 5 3 3 . 3 3 P I I 23
5 5 8 8 . 2 5 P I I 27
5 6 0 6 . 1 1 S XI 11 3 1 0
5 6 1 6 . 6 3 S I I 11 95
5 6 3 9 . 4 8 Si  I I 9
5 6 3 9 . 9 6 S I I 1 4
5 6 4 0 . 3 2 S I I 1 1 6 5 8
■ : 4  - . " i- .-.■■■'J •_ - 1'-/ ■'.■■- ■ j •---■ jri':U ‘i
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LAMBDA ION M. N.  RAD : P RAD:C RAD ES O: P  MEAN
A mA mA m A m A
A 4
5 6 4 0 . 5 5 C I I 15
5 6 4 5 , 6 2 S I I 6 1 9 9
5 6 4 6 . 9 8 S I I 1 4
5 6 4 5 . 0 7 C I I 15 1 9 6
5 6 5 6 . 6 6 Ne I 24 6 6
5 6 5 9 . 9 5 S I I 11 2 4 7
5 6 6 2 . 4 7 C 11 15 2 8 5
5 6 6 4 . 7 3 S I I 11 1 3 6
56  6 6 . 6 3 N I I 3 2 9 4
5 6 7 6 . 0 2 N I I 3 1 7 0
5 6 7 9 . 5 6 ' N I I 3 3 1 1
5 6 8 6 . 2 1 N I I 3 1.53
5 6 9 4 . 3 0 C I I 4 4 . 0 1 1 3
5 7 1 0 . 7 7 N I I 3 1 4 4
5 7 1 2 . 5 1 C I I 4 4 . 0 1
5 7 1 9 . 2 3 Ne I 28 51 :
5 7 3 9 . 7 3 Si  I I I 4 52
5 7 4 7 . 3 0 N I I 9 7 8 :
5 7 4 8 . 3 0 Ne I 13 81
5 7 6 4 . 4 2 Ne I 13 2 6 7
5 7 6 7 . 4 4 ti 11 9 3 8 :
5 7 9 5 . 8 7 Fe I I 2 1 1 50
5 8 0 0 . 4 7 S i  I I 3 • 1 5 2
5 8 0 4 . 4 5 Ne I 19 1 4 5
5 3 0 6 . 7 4 S i  I I o 1 51
5 8 1 3 . 6 7 Fe I I 1 6 3 6 6
5 8 1 9 . 2 2 S I I 1 4 241
5 8 2 0 . 1 6 Ne I 19 2 1 0
5 8 2 3 . 1 4 C I I 22
5 8 2 7 . 3 5 C I I 22 41
5 8 3 6 . 3 5 C ' I I 22 21
5 8 4 6 . 1 3 Si  I I 8 8 8
5 8 5 2 . 4 9 Ne I 6 3 6 0
5 8 5 6 . 0 4 C I I 22
5 8 6 8 . 4 0 S i  I I 8 1 3 4
5 3 7 2 . 3 3 Ne I 31 1 8 5
5 8 7 5 . 0 7 He I 11 1 0 8 8
5 8 8 1 . 9 0 Ne I 1 . 3 6 9
5 8 3 9 . 7 7 C I I 5 4 9 4
5 8 3 9 . 9 5 Na I 1 371
5 3 9 1  . 3 8 Fe 1 I 211
5 8 9 1  . 39 C I I 5 2 3 2
5 8 9 5 . 8 9 S I I 20
5 3 9 5 . 9 2 Na I 1 2 4 6
5 9 1 5 . 2 2 S i  I I 3 45
5 9 2 7 . 1 5 S I I 21 61
5 9 2 7 . 8 1 fj I I 28 60
5 9 3 1 . ^ 8 N I I 23 54









LAMBDA ION M. N.  RAD : P RAD:C RAD ES O: P  MEAN
A m A mA mA mA
131
5 9 4 1 . 6 5 N I I 23 .83 *
5 9 4 4 , 8 3 Ne I 1 4 0 0
5 9 5 1 . 3 0 S I I 21 •
5 9 5 2 . 3 9 N I I .28 9 9 *
5 9 5 7 . 5 6 S i  I I 4 2 2 2 V'I5 9 6 5 . 4 7 Ne I 39 II
5 9 7 4 . 6 3  ■ Ne I 28 1 3 4
5 9 7 5 . 5 3 N e I 1 1 5 5 ★ fï
5 9 7 8 . 9 3 S i I I 4 2 6 5 *
5 9 9 1 . 3 3 Fe I I 46 3 9  ' *
5 9 9 6 . 1 6 S I I 13 54
6 0 2 4 .  15 P I I • 5 2 4 2  : : * ;6 0 3 0 . 0 0 N e I 3 1 8 7 ;  : ★ ;
60  3 4 . 0 1 P I I 5 1 52 ★
6 0 4 3 .  10 P I I 5 2 3 0 *
6 0 4 5 . 5 0 Fe I I 2 0 0 5 3 :
6 0 7 4 . 3 4 Ne I 3 471 <-
6 0 3 0 . 3 5 S I I 20 2 0 s
6 0 8 4 . 1 1 Fe I I 4 6 25 '4
6 0 8 7 . 7 6 P I I 5 4 6  . î6 0 9 2 . 1 5 S I I 2 0  ... 3 0
6 0 9 8 . 5 1 C I I 24 8 3 i
6 1 0 2 . 5 6 C I I 24 3 3 y6 1 0 3 . 5 4 Fe I I 2 0 0 64 y6 1 1 3 . 3 3 Fe I I 46 45
6 1 2 2 . 4 4 M n I I 13 94 T'
6 1 2 5 . 8 6 Mn I I 13 41
6 1 2 8 . 2 1 S I I 28 64
6 1 2 8 . 7 3 Mn I I 13
6 1 3 8 . 9 8 S I I . 63 2 3
6 1 4 3 . 0 6 Ne I 1 5 7 5
6 1 4 7 . 7 4 F e I I 74 26 11
6 1 4 9 . 2 4 F e I I 74 6 0
6 1 5 1  . 4 3 C I I 1 6 . 0 4 1 9 2 .6 1 5 5 . 9 9 Ü I 10 9 7 * *5
6 1 5 6 . 7 8 0 I 10 1 6 4 %
6 1 5 8 . 1 9 0 1 1 0 1 6 5 * j
6 1 6 1  .  84 S I I 27 2 9
6 1 6 3 . 5 9 Ne I 5 3 0 7 * ■
6 1 6  5 . 5 6 P I I 5 85 *
6 1 7 9 . 3 8 Fe I I 1 63 3 8 ■5
6 2 1 7 . 2 8 Ne I ■ 1 2 9 0 *
6 2 3 8 . 3 8 Fe I I 74 121
6 2 3 9 . 6 3 S i I I 7 . 1 3 2 3 9
6 2 4 3 . 3 6 A L I I 10
6 2 4 7 . 5 6 Fe I I 74 94
6 2 5 0 . 7 4 C I 1 3 8 . 0 3
0 2 5 3 . 8 4 C I I 4 3 . 0 3
6 2 6 0 . 5 0 N e 1 5 4 3 3
J -  _r
LAMBDA ION M. N.  RAD: P RAD:C RAD ES O: P MEAN
A m A mA m A mA
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6 2 7 4 . 3 4 S I 19 50
6 2 7 5 . 7 9 C I 4 5 . 0 3 57
6 2 8 6 . 3 5 S I 19 1 1 9
6 2 8 7 . 0 6 S I 2 6 1 5 0
6 2 9 0 . U1 C I 4 3 . 0 3 4 0
6 3 0 5 . 3 2 Fe I 2 0 0 3 8 2
6 3 0 5 . 5 1 S I 19
6 3 1 2 . 6 8 S I 26 6 6
6 3 1 4 . 2 9 . s I 28 4 7
6 3 2 6 . 4 3 s , I ■ 63 51
6 3 3 1 . 9 7 Fe I 1 9 9 71
6 3 3 4 . 4 3 Ne I 1 3 2 8 :
6 3 4 7 . 1 0 S i I 2 8 8 9
6 3 6 9 . 3 4 S I 19 1 0 6
6 3 6 9 . 4 5 Fe I 40
6 3 7 1 . 3 6 S i I 2 341
63 7 9 . 6 2 ti I 2 1 2 0
6 3 8 2 . 9 9 Ne I 3 5 4 3
6 3 8 4 . 0 9 S I 19 1 2 8
6 3 8 6 . 4 3 s I 3 5 1 0 8
6 3 3 6 . 7 5 Fe I 2 0 3
6 3 9 7 . 3 0 S I 19 201
6 3 9 8 . 0 5 S I 19 1 0 9
6 4 0 2 . 2 5 Ne 1 : 1 7 9 2
6 4 0 7 . 3 0 Fe I 74 9
6 4 1 3 . 7 1 S I 19
6 4 1 6 . 9 1 Fe I 74 6 8
6 4 3 2 . 6 5 Fe I 4 0 37
6 4 3 3 . 4 5 N I 1 3 . 0 4 75
6 4 4 6 . 2 8 M n 1 , 1 9
6 4 5 6 . 3 8 Fe I 74 1 5 9  .
6 4 5 7 . 6 9 N I 1 3 . 0 4 1 0 0
64 6 0 . 1 0 P I 32
6 4 6 1 . 9 5 C I 1 7 . 0 4 2 4 3
64 8 2 . 0 5 N I 8 3 5 3
6 4 8 2 . 2 1 Fe I 1 99
6 4 8 7 . 4 3 Fe I 2 0 3 1 0 2
6 5 0 6 . 5 3 Ne I 3 6 4 8
6 5 1 6 . 0 5 Fe I 40 1 5
6 5 2 1 . 3 9 S I 25 4 0
6 5 4 5 - 8 0 Mg I 23 3 0 6
65 7 8 . 0 5 C I ■ 2 2 1 9
6 5 8 2 . 8 8  . C I 2
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N otes to  ta b le  5 .5
3651*97!  The two components are r e so lv e d  o n ly  in  th e AAT
3652. 12j spectrum s fo r  th e  R a d c liffe  spectrum th e eq u iv a len t
w idth g iv en  i s  fo r  th e  b len d .
3656.61 v ery  weak in  MT? spectrum
3710*42 id e n t i f i e d  in  AAT'spectrum o n ly , and d ou b tfu l s in c e
3709 .37  s  I I I  ( 1 ) absent 
3809 .67  may be a f f e c te d  by 3 8 0 9 .5 , p resen t in  AAT sp ec tra
3939*49 very  weak, and absent in  2 AATT sp ec tra
3795*03 id e n t i f ie d  on ly  on 1 AAT spectrum , and blended
4287.89 weak on AAT spectrum
4290.22 weak on AAT spectrum î
4294.43  weak on AAT spectrum
4295*92 weak on AAT spectrum
4300.20  weak on ESO and AAT'spectra
4313.10 very  weak on AAT spectrum
4317.26 very  weak on AAT spectrum
4371.59 id e n t i f i e d  in  Moore (1945) as C I I  (45)> but not
confirm ed in  Moore (1970)
4583.83  appeared p a r t ia l ly  f i l l e d  w ith  em ission  on AAT sp ec tra  
5889.95 I n t e r s t e l la r
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5 ,5  D iscu ss io n
In f ig u r e s  5»9 to  $ .1 2  th e  eq u iv a len t w idths measured here 
and th o se  determ ined hy H i l l  ( 1965) on th e Coudé spectrograph  
are compared. F igure $ .1 2  confirm s th e  f in d in g  o f  SChOnhemer & 
Wolf ( 1974) th a t th ere  are no s ig n if ic a n t  d if fe r e n c e s  between th e  
ESO Coudé spectrograph and th e  R a d c liffe  Coudé spectrograph .
T heir technique o f  u s in g  lo g  w fo r  th e graph was fo llo w e d , s in c e  
t h i s  r e la t e s  d ir e c t ly  to  th e  abundance d eterm in ation , and shows 
c le a r ly  th a t th e  sm a ller  eq u iv a len t w idths have ’larger*  e r r o r s ,  
and w i l l  g iv e  a poorer d etrm in ation  o f  abundance. There werer 
s l ig h t  d if fe r e n c e s  between th e  measurements here but none were 
s ig n i f i c a n t ,  excep t th a t i t  appeared th a t th e  eq u iv a len t w idths  
o f  H il l  were low er fo r  th e s tr o n g e st  l i n e s .  T his might have been  
caused e i th e r  by-an u n d erestim ation  o f  the s tren g th  o f  th e  wings 
o f  th e  Hfe I  l i n e s ,  or a low er continuum, p o s s ib ly  caused by 
u n d erestim atin g  th e number o f  weak l in e s  in  the spectrum . Due to  
th e s l ig h t  v a r ia t io n  in  in d iv id u a l eq u iv a len t w idths from the  
v a r io u s  sp e c tr a , th e  mean eq u iv a len t w idth was used  fo r  the  
detrm in ation  o f  abundances.
Some v a r ia t io n  as shown in  f ig u r e  $ .1 3  (taken from Eynas-Gray, 
Walker, H i l l  & Kaufmann, 1979) i s  p o s s ib ly  due to  in t r in s i c  
s p e c tr a l v a r ia t io n . The l in e s  d isp la y ed  are shown in  ta b le  $ .6 .
The error, bar shown g iv e s  th e  quantum n o ise  a t th e continuum  
l e v e l .  There i s  an in te r v a l  o f  approxim ately s ix  hours between  
th e  f i r s t  and second spectrum , w ith  about one hour between the  
second and th ir d . The v a r ia t io n  in  l in e  3 o f  f ig u r e  $ .1 3  i s  
p a r t ic u la r ly  pronounced over th e p eriod  o f  one hour. The cause  
fo r  t h i s  v a r ia t io n , and th a t o f  the o th er  l in e s  w ith  co lo n s in  
ta b le  $ .$  i s  not known, but i t  seems u n lik e ly  th a t t h i s  can be
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ju st an in stru m en ta l e f f e c t .  The change in  l in e  p r o f i l e  cou ld  he 
caused by s l ig h t  mass motion a t c e r ta in  phases o f  th e  s t a r ' s  
v a r ia b i l i t y ,  but t h i s  must be in v e s t ig a te d . The phenomenon o f  
eq u iv a len t w idth v a r ia tio n ' does not seem lim ite d  to  any one ion  
or group o f  io n s , and i t  does not a f f e c t  a l l  th e  l in e s  in  any io n ,  
or even a l l  th e l i n e s  in  one m u lt ip le t  o f  th e  io n . These 
v a r ia t io n s  must be in v e s t ig a te d  fu r th e r , so th a t t h e ir  e x te n t ,  
nature and t im e -s c a le  may e v e n tu a lly  be un derstood .
Table 5 .6  L ines d isp la y ed  in  f ig u r e  5 .13
Line 1 4549*49 Fe I I  ( 3 8 ) main component
4549*62 T i I I  ( 8 2 ))
2 4552.62 S i I I I  ( 2 )
3 4555*02 Or I I  (44)
4555*89 F e l l  (37)
4 4558.66 Or I I  ( 4 4 ) main component













6ü ATMOSPHERIC MODEL.- M D  ABUMDAFCE ANALYSIS
6 .1  Theory o f  Hünge’r/V?an Blerkom model
Hunger & Wan Blerkom (1967) computed a pure helium  model 
s t e l l a r  atm osphere, fo r  an e f f e c t iv e  tem perature o f  l8000°K  and 
lo g  g = 3*5* The tech n iq u es used were d isc u sse d  th ere  and a lso  
th e  consequences o f  such an atm osphere. The main p o in ts  are 
B r ie f ly  summarised h ere , and eq u ation s taken from th a t paper 
are g iven  th e  number in  th e paper preceded By HEB. The u su a l 
assum ptions were made fo r  th e  model, i . e .  th a t o f  lo c a l  
thermodynamic; eq u ilib r iu m  (DTE), h y d ro s ta tic  eq u ilib r iu m , r a d ia t iv e  
eq u ilib r iu m  and a p lane p a r a l le l  atm osphere. The equation  o f  
h y d ro sta tic  eq u ilib r iu m  was as fo llo w s
dP^ r -  g -  A l % f f
d T  H  c
where % i s  the R osseland mean o p a c ity
i s  th e  Steffan-B oltzm ann con stan t
I t  was so lv ed  u s in g  th e Hammings p red ic to r-co rrecto r-m eth o d  
(R alston  & W ilf , I 9 6 0 ) .  For th e  r a d ia t iv e  eq u ilib r iu m  ( f lu x  F 
con stan t w ith  o p t ic a l  depth) th e  i t e r a t io n  schemes o f  Lucy (1964) 
and Unsold (1955) were used  fo r  f lu x  con stan cy .
The tem perature c o r r e c tio n  was g iven  by
4 8 .  -  e
%p V 'A) X  w
where ^ 4 . {  HB 3
J  J .  8  Jo
$
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« sr JL f ( Hw ^ clvf * i { y +  4 )
p j o
HB 3
B,- J T ,  F  were th e  in te g r a te d  Planck fu n c tio n , mean in t e n s i t y  and 
f lu x .
S ince B  -  ^ J \>  s  6#^
TT
i t  can he seen  th a t by c a lc u la t in g  the f lu x ,  a t r i a l  so lu tio m  o f  
B ( X )' can be c o rrec ted  by HB 2 . Hunger & Wan Blerkom noted  th a t
IT  J»i r
i s  th e  d if fe r e n c e  between th e  p o s tu la te d  f lu x  and th e  f lu x  obta in ed  
by a t r i a l  s o lu t io n  w ith  a g iven  B (X  ) .
The Saha eq u ation s were used  fo r  th e r e la t io n s h ip  between  
F and T, in v o lv in g  th e  mass fr a c t io n s  o f  helium  XfHe l ) ,  X(He I I )  
and X(Hè I I I ) .
3 /2  5 /2
xCffe II).P ^  = /  2TTm\ (kT?) 21T^2 ir m \
( ~ o(#/ 2  . .5 /2 .ÎT(Hë 2 ?  m\ Cwr) ' 2ITg EF ÿX(Hb I I )  \  ^ J
U^, U^, Hg are th e  p a r t it io n  fu n c tio n s  fo r  n e u tr a l, s in g ly  and 
doubly io n ise d  helium ; Xng^and are the io n is a t io n  p o te n t ia ls
and i s  the e le c tr o n  p r e ssu r e .
An i t e r a t iv e  s o lu t io n  a f t e r  Bbhm & D einzer ( 1965) was used , 
s ta r t in g  from th e assum ption th a t the e le c tr o n  pressure was due
HB 4
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o n ly  to  e le c tr o n s  from He I I ,  i . e .  X(He I I I )  = 0 .  
The source fu n c tio n  was as fo llo w s
4" ^ HB 6-
^  l i v
where C i s  th e  s c a t te r in g  c o e f f ic ie n t *  and are the  
monochromatic Planck fu n c tio n  and mean in t e n s i t y  r e s p e c t iv e ly .  
Hunger & Vhn Blerkom noted  th a t th ere  was a w e ll d e fin ed  boundary 
( X  »  ); which sep arated  th e  s c a t te r in g  dominated la y e r s  from
th e ab sorp tion  dominated la y e r s .  In th e uppermost la y e r  the  
grey s o lu t io n  fo r  th e  source fu n c tio n  was a good approxim ation.
In l in e a r  form t h i s  was
HB 7
“  *where i s  th e  f lu x  a t th e  bottom o f  th e  s c a t te r in g  la y e r ,  
c o n s is t in g  o f  ou tgo in g  f lu x  minus a proportion  which i s  
b a c k -sc a tte r e d . For th e  source fu n ctio n  a lambda ( A ) “ i t e r a t io n  
method by M ihalas ( I 965) was u sed .
The most im portant problem w ith  th e  helium ;atm osphere must be 
the o p a c ity . In Hunger &.Vbn Blerkom on ly  th e  bound-free and 
f r e e - f r e e  t r a n s it io n s  o f  He I  and He I I  were u sed , as w e ll as 
e le c tr o n  s c a t t e r in g . The He I  ab sorp tion  c r o s s - s e c t io n s  were 
shown in  th e ir  ta b le  3» They s ta te d  th a t fo r  the bound-free  
t r a n s it io n s  w ith  term s n = 1 and n .= 2 a sim ple in te r p o la t io n  
form ula was adopted. For n = 3 th e  t r a n s it io n s  were computed 
from th e quantum d e f e c t s ,  u s in g  th e method o f  Burgess & Seaton  
( i 960) .  For He I I  th ey  n oted  th a t the ab sorp tion  c o e f f ic ie n t  
w i l l  be hyd rogen ic . They u sed , fo r  bound-free t r a n s i t io n s ,  the
'  :l— 2------------------------------ llti:------------------ j • "“ i'
. . .  ■ .. -t • i .  ■ - ,  '  J   .......................  -  ■ ............, '  '  '  - , :  -  '  f  V  ■' ■ r - «  ■' ■■ ■ '  . X . T ' j  J
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Gaunt fa c to r s  o f  G in g er lich  ( 1964) and fo r  f r e e - f r e e  t r a n s it io n s *  
th o se  o f  Mens e l  & P ek er is  (1935) » Hunger & Van Blerkoor^s v a lu e s  
fo r  th e  o p a c ity  agree w e ll  w ith  th o se  v a lu e s  c a lc u la te d  by th e  |
Kyoto group (Ueno e t  a l . ,  1954)> see  f ig u r e  2 o f  Hunger & Van 
Blerkom (1967)*
I t  was found th a t th e f in a l  model departed from th e grey  
approxim ation a t mean o p t ic a l  depths o f  l e s s  than one (HB f ig u r e  
5 ) '  Htmger & Van Blerkom n oted  th a t th e low o p a c ity  o f  the pure 
helium  atmosphere r e s u lte d  in  a h igh er  p ressu re than fo r  a normal 
main sequence s ta r  ({HB fig u r e  6 ) .  In the v i s i b l e  reg io n  o f  . the  
spectrum th ey  found l i t t l e  d if fe r e n c e  in  th e emergent f lu x  between  
th e pure helium  s ta r  and a main sequence s t a r ,  but shortward o f  
2000A the f lu x  in  th e  main sequence s ta r  was h igh er  u n t i l  i t  
reached the Lyman l im it  at 912A', where i t  was cut o f f ,  and th e  
helium  s ta r  f lu x  con tin u ed  to  th e  helium  l im it  a t 504A. This 
r e s u lte d  in  the UBV co lo u rs  and th e b o lom etric  co rrectio m  b ein g  
v ery  n ea r ly  th e  same fo r  a helium  s ta r  as fo r  a main sequence 
s ta r  w ith  th e same T^^^ and lo g  g .
Wolf ( 1973) noted  th a t th e  model was m od ified  to  con ta in  in  
a d d itio n  to  He I  and He I I ,  a c o n tr ib u tio n  to  th e ab sorp tion  
c o e f f ic ie n t  from He~, from f r e e - f r e e  t r a n s it io n s  (John, I 968) ,  
though th e model was s t i l l  e s s e n t ia l l y  th a t o f  Hunger & Van 
Blerkom. Wolf used  th e method o f  A vrett & L oesser (l9& 3) fo r  1
th e determ ination  o f  th e  source fu n c tio n . SchOnbemer & Wolf 
( 1974) m od ified  th e program to  con ta in  a c o n tr ib u tio n  to  the  
o p a c ity  from C l ,  C I I ,  C I I I ,  N I ,  N I I ,  H I I I  (Peach, 1970).
SchOnbemer (1973) gave d e t a i l s  o f  th e l in e  program used  in  
th e model. Most im portant were th e l in e s  due to  He I ,  4471A 
and 4388A, which had param eters obtained  from Barnard e t  a l .
- ■" ....
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((1969, 1970), w ith  th e  forbidden components in c lu d ed . The »f * 
v a lu e s  were taken from Green e t  a l .  ( 1966) .  For o th er  helium  
l in e s  ( 412IA, 4438A, 4713A) SchtJnbemer used  data from Jones,
B en ett & Griem ( l9 7 l ) *  In th e  m etal l in e s  he m ainly used  a 
V oigt p r o f i le  fo r  th e  l in e  ab sorp tion  c o e f f i c i e n t .
A ll  the n ecessa ry  work fo r  th e  th e o r e t ic a l  model had thus «
been done. S evera l s u ita b le  models had been generated  fo r  the  
d i f f e r e n t ia l  a n a ly s is  o f  HD 168476 r e la t iv e  to  HD 124448 
(S'chOhbemer & W olf, 1974) so th a t i t  was n ecessa ry  to  generate  
very few new g r id  p o in ts .  On one v i s i t  to  th e groups in  K iel 
and B e r lin , Dr. A. B . Lynas-Gray accompanied th e  w r ite r  and 
a s s i s t e d  w ith  th e  com puting, w ith  th e a id  and d ir e c t io n  o f  Dr. D. 
SchOnbemer ({K iel). Dr. SchOhbemer then computed any new data  
th a t was n ecessa ry  fo r  th e  model determ ination* A fu r th e r  v i s i t  
was made by the w r ite r  to  K ie l ,  Dr. SchOnbemer and th e w r ite r  
produced curves o f  growth fo r  a l l  io n s  fo r  th e  abundance a n a ly s is .
6 .2  Fine a n a ly s is  -  In tro d u ctio n
In order to  perform a f in e  a n a ly s is  fo r  HD I 68476 c e r ta in  
param eters must be determ ined, namely th e e f f e c t iv e  tem perature, 
the su rface  g r a v ity , th e  m icroturbu len t v e lo c i t y ,  th e  r o ta t io n a l  
v e lo c i t y  and th e  helium  and carbon abundances. The v a lu es  
determ ined in  a coarse a n a ly s is  ( e .g .  H i l l ,  1965) cou ld  be used  
as a f i r s t  approxim ation, but s in c e  the techniq ue o f  a n a ly s is  
( e .g .  Hunger & Van Blerkom, 19^7) has improved in  recen t y e a rs , 
i t  was decided to  redeterm ine the param eters w ith  th e  SchOnbemer 
& Wolf ( 1974) v a lu e s  as a s ta r t in g  p o in t , and u s in g  m ainly the  
ESQ sp e c tr a . SchOnbemer & Wolf showed th a t in  the case  o f
HD 124448 th ere  was no sy stem a tic  d if fe r e n c e  in  eq u iv a len t width
. ' A
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between th e  r e s u l t s  ob ta in ed  on th e R a d c liffe  Coudé and the
r e s u l t s  obta in ed  on th e ESO Coudé ; th e r e s u lt s  in  s e c t io n  5*5 
confirm ed t h i s .
An elem ent w ith  many weak l in e s  in  th e  spectrum was used  to  
determ ine th e m icroturbu len t v e lo c i t y ,  in  t h i s  case n itr o g e n .
The p r o f i l e s  o f  th e  helium  l i n e s  are in d ic a to r s  o f  tem perature
■tand g r a v ity , as are io n is a t io n  e q u i l ib r ia ,  here th o se  o f  s i l i c o n  
and sulphur were u sed . The carbon abundance i s  b e s t  determ ined  
from th e weak l in e s  which are more s e n s i t iv e  to  changes in  
abundance than th o se  l in e s  on th e  sa tu r a tio n  p o r tio n  o f  the  
curve o f  growth. The s tro n g  l in e s  o f  carbon are a u s e fu l  
in d ic a to r  o f  th e  r o ta t io n a l v e lo c i t y  which w i l l  in  the case o f  
th e ESO spectrum , co n ta in  a c e r ta in  amount o f  broadening due to  
th e  in stru m en ta l p r o f i l e ,  which i s  not removed.
6 .3  N I I  l in e s  -  m icroturbu len t v e lo c i t y
A ll  p o s s ib le  n itro g en  l in e s  were measured in  th e  f i r s t  
in s ta n c e , a lthough not a l l  th e  l in e s  were computed t h e o r e t ic a l ly .
From th ose  l in e s , measured, any th a t were o b v io u sly  blended were |
removed and fo r  th e  r e s t  curves o f  growth were p lo t te d  fo r  
se v e r a l m icroturbulent v e l o c i t i e s  (v ^ ), a t d if fe r e n t  tem peratures*
Figure 6 .1  shows an example o f  th e  curves o f  growth fo r  d if fe r e n t  
m icroturbulent v e l o c i t i e s .  The m icroturbulent v e lo c i t y  i s  very  
n e a r ly  independent o f  g r a v i t y  sp' th a t lo g  g = 2 .0 0  was used 4
throughout. At an e f f e c t iv e  tem perature o f  14000°K v^ o f  0 ,
10 , 15 , 20 km/8 were used and at"- 16000°K on ly  th e  f i r s t  four were 
computed.
O r ig in a lly  tw en ty -fo u r  l in e s  were measured but th ree  were 
co n sp icu ou sly  b lended and were not u sed . Of th e rem ainder f iv e
 ly-'-s' :j- A'L  '  L___i:_____I_' -i •’ ' • ». - .-i .• 1 L . •■•î*:- ••
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were su sp ected  to  be s l i g h t l y  blended from th e d if fe r e n c e  in  t h e ir  
abundances to  th o se  o f  the o th er  l in e s  and so were not used in  
th e  f in a l  d e r iv a t io n . The abundances from th e  rem aining f i f t e e n  
l in e s  showed a minimum error  in  log(abundance) a t 14000^K when 
th e  m ioroturbulent v e lo c i t y  was 10 km/s and a t ldOOO°K when the  
m ioroturbulent v e lo c i t y  was 15 km /s. Table 6 .1  shows th e v a lu es  
ob ta in ed  fo r  th e  lo g  n o f  each l in e  a t th e  v a r io u s v a lu e s  o f  v.^ . 
u sed .


















"E^ble 6 .1 . D eterm ination  o f  m ioroturbulent v e lo c i t y  from N II  
l in e s  fronr. lo g  n
15 l in e s  l o g  n
=14000
15 l in e s  
lo g  n 
4
or =16000G
A  T> microturlDulent v e lo c i t y  (km/s )0 5  ^ 10 15 20
3842.18 3 6 - 2.52 G2.61  - 2 .7 6  - 2 .8 0 —2.863995.00 317 —1 .8 0 - 1 .9 4  - 2 .5 8  - 3 .07 - 3 .3 44041.31 76 - 2 .6 7 —2 .92 —3.12  —3.23 - 3.314095.90 39 - 2 .25 —2.41  —2 # 56 —2 * 63 —2.674176.16 49 —2 .8 4 —3 .02 —3.16  —3.25 - 3 .294227 .74 35 -2 .4 2 —2 .5 4  -2 .6 6  —2 .71 “2 .7 44431.82 52 - 1 .9 4 -2 .0 2  - 2 .25  - 2 .3 0 “2 .3 74432 .74 89 -2 .1 2 - 2 .39  - 2 .5 8  - 2.71 - 2 .774442.02 44 —2 *56 —2 .6 6  —2 .8 0  —2 .8 8 - 2 .92
4447.03 114 -2 .3 3 - 2 .83  -3 .2 0  - 3 .33 - 3 .40
4530.41 62 —2 # 48 - 2 .71  - 2 .8 8  - 3 .00 —3 .0 44607.16 101 - 2 .5 4 —2.97  —3 .2 4  —3.35 -3 .3 94613.87 119 - 1 .92 —2 * 49 —2 .8 4  —3 .00 - 3 .0 8
4630.54 205 - 1 .9 6 —2 *42 —3 .1 4  —3.43 “ 3 .5 44643.09 164 —1 .8 8 - 2 .3 4  - 2 .91  -3 .1 0 -3 .2 1
—2 .2 8 - 2 .55  “ 2 .8 5  - 2 .99 —3.06
+0.33 +0 .3 2  +0 .2 9  +0 .32 +9*33
3842.18 —2 .69 - 2 .90  - 3 .0 8  - 3 .1 83995.00 —1 .8 6 - 1 .9 4  - 2 .31  - 2 .834041.31 - 2 .7 0 - 3 .07  - 3 .41  -3 .6 0
4095.90 - 2 .50 - 2 .76  - 2 .95  “3 .0 94176.16 —3.02 - 3 .25  - 3 .52  -3 .6 7
4227.74 - 2 .62 - 2 .82  - 3 .00  - 3 .0 84431.82 - 2 .1 4 -2 .3 6  -2 .6 2  - 2 .75
4432 .74 -2 .2 3 - 2 .52  - 2 .89  - 3 .084442.02 —2 .76 - 3 .00  - 3 .19  “3 .33
4447.03 • - 2 .30 - 2 .76  - 3;22 - 3 .47
4530.41 —2 .6 4 - 2 .9 4  - 3 .23  - 3 .39■4607.16 —2 «38 -2 .8 3  - 3 .23  - 3 .424613.87 —1 .8 4 - 2.31  - 2 .86  - 3 .10
4630.54 - 1 .9 7 - 2 .22  - 2 .8 8  - 3 .264643.09 —1.8 6 -2 .1 3  - 2 .7 8  - 3 .08
-2 .3 7 - 2.65  - 3 .01  - 3 .22+0.38 +0 .3 8  +0 .31  +0 .26
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6 .4  Hë I l in e s  -  e f f e c t iv e  tem pérature and su rface  g r a v ity
The p r o f i l e s  o f  seven helium  l in e s  cou ld  he computed 
t h e o r e t ic a l ly ,  th o se  o f  th e th ree  stro n g  helium  l in e s  4471A,
4388A and 4026A, and th o se  o f  fou r weak, l in e s  4437A, 4120A, 3964A 
and 3888A . The p r o f i l e s  o f  th e  stro n g  helium  l in e s  are a much 
b e t t e r  in d ic a to r  o f  e f f e c t iv e  tem perature and g r a v ity , e s p e c ia l ly  
4471A w ith  i t s  forb id den  component a t 4469A.
On th e spectrum p lo t  o f  th e  fou r p la te s  taken a t ESO the  
continuum was drawn in .  Then th e h e ig h t o f  the l in e  and th e  
continuum at many p o in ts  on th e helium  l in e  p r o f i l e  was measured 
so th a t th e p r o f i l e  cou ld  be p lo t te d  w ith  a norm alised  continuum. 
T h e o re tic a l p r o f i l e s  were p lo t te d  on the same s c a le ,  w ith  p r o f i l e s  
o f the same tem perature on th e  same sh eet o f  paper, so th a t an 
in te r p o la t io n  in  lo g  g cou ld  be made. P r o f i le s  were computed fo r  
the l in e s  noted  above w ith  13000°K ^  *^eff^ 16000°K, 1 .0  ^ lo g  g ^  2 .0 .  
S evera l o f  th e p r o f i l e s  are shown in  f ig u r e s  6 .2  to  6 .4 ,  fo r  the  
l in e  4471A. The helium  l in e  p r o f i l e s  a l l  gave a good f i t  fo r  
T^  = 13000°% lo g  g = 1 .0  + 0 .2 ;  T  ^ = 13500°% lo g  g = 1 .2  + 0 .2  
and an e x c e lle n t  f i t  fo r  T  ^ = 14000°% lo g  g = 1 .5  + 0 . 2 .  The 
p r o f i l e s  were not dependent on m icroturbu lent v e lo c i t y  or  
r o ta t io n a l v e lo c i t y  and showed no n o t ic a b le  v a r ia t io n  fo r  a carbon 
abundance in  the range 0 .0 1  to  0 .0 5  (by number). F igu res 6 .5  and 
6 .6  show the observed p r o f i l e s  fo r  th e  AAT spectrum and the  
R a d c liffe  spectrum w ith  th e th e o r e t ic a l  p r o f i l e  fo r  T  ^ = 14000°%, 
lo g  g = 1.5* The l in e  cen tre  on the R a d c liffe  spectrum i s  deeper  
than th e th e o r e t ic a l  m ainly due to  n o is e ,  but in  th e AAT spectrum  
th e l in e  w i l l  be deeper than th e ESO p r o f i le  due to  th e  removal 
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6.5 Io n is a t io n  eq u ilib r iu m  -  e f f e c t iv e  tem perature and su rface  g r a v ity  
At a g iven  tem perature and lo g  g , the abundance o f  an elem ent 
i s  found from i t s  two s ta g e s  o f  io n is a t io n .  At a g iv en  e f f e c t iv e  
tem perature, t h i s  i s  u s u a lly  done fo r  se v e r a l d if fe r e n t  g r a v it ie s  
so th a t p lo t t in g  abundances a g a in st g r a v ity  fo r  th e  two s ta g e s  o f  
io n is a t io n  g iv e s  more a c cu ra te ly  th e va lu e  o f  lo g  g where the  
abundances are eq u a l. T his i s  done below fo r  S' I l / s  I I I  and 
Si. I l / S i  I I I .
6 .5 a  s; Il/S III
S evera l weak l in e s  o f  S' I I I  were found in  th e spectrum and 
th e io n is a t io n  e q ilib r iu m  o f  t h i s  elem ent was used to  determ ine 
and lo g  g'. The models were c a lc u la te d  fo r  a carbon abundance 
o f  0.01 by number and a m ioroturbulent v e lo c i t y  o f  5 km /s. The 
c a lc u la t io n s  were made b efore  th e m ioroturbulent v e lo c i t y  was 
d isco v ered  to  be 10 km /s, but s in c e  a sm all v a r ia tio n ) in  v^ does 
not a f f e c t  th e l in e  s tr en g th s  ( Schdhbem er, 1979^ th e v a lu es  th a t  
had been ob ta in ed  a t 5 km/s were u sed , w ith  h a lf  w e ig h t. A l i s t  
o f  l in e s  used , w ith  th e abundances found from th e curves o f  
growth fo r  g iven  e f f e c t iv e  tem perature and lo g  g are g iven  in  
ta b le  6 .2 .  35 S' I I  l in e s  were measured, from which a maximum o f
30 were u sed , depending on th e  p r e c is e  model program run. Seven 
S I i r  l in e s  were measured o f  which fou r proved unblended and 
s u ita b le  fo r  th e abundances from curves o f  growth to  be ob ta in ed . 
From th e r e s u lt in g  graphs ( f ig u r e  6 .7 )  i t  can be seen  th a t a t  
13500°% agreement in  lo g  n i s  found at lo g  g = O.9O +^ 0.2 , and a t  
14000°% fo r  lo g  g = 1 .3 8  + 0 .2 .
(Ekble 6 .2  Abundances determ ined from S I I  and S III  l in e s
r




S I I I
l o g  n  
C
^  fsS) 13500 1 .2  1 .5
lo g  II
1 .3
14000
1 .5 2 . 0
3802.65 76 —4 .36 “ 4 .46 “4 .09
3860.15 63 —4 .8 0 “ 4 .92 “ 4 .55 “ 4*72 “ 4 .853892.32 134 —4 .0 0 -4 -1 1 “3 .623923.48 118 “ 4* 68 “ 4 .7 7 “ 4 .3 73946.98 92 - 3 .89 “ 4 .02 “ 3 .6 4 “3 .85 “ 4 .0 0
3950.42 58 —4 .46 “ 4 .55 “ 4 .2 0 “ 4 .40 “ 4 .5 43963.13 88 - 4 .1 4 “ 4 .2 7 “3 .92 “4 .0 9 “ 4 .233979.86 72 - 4 .57 “ 4 .6 8 “4.32
3990.94 52 “ 4.92 “5 .0 0 “4 .66 “ 4 .85 “5 .0 0
3998.79 108 “ 4 .4 3 “4 .5 4 “4 .194028.79 81 —4 .6 4 “ 4 .9 6 “4 .5 9 ’ “ 4 .77 “ 4 .924033.81 86 “4 .8 9 “5 .0 1 “ 4 .70
4142.29 103 —4.82 “4 .9 2 “4 .52 “ 4 .80 “ 4 .924153.10 129 “ 4 .85 “ 4.92 “4 .52 “ 4 .77 “ 4 .924162.70 188 —4 .09 “ 4.25 “4* 66 —4.00 “ 4 .23
4165.11 28 “5 .0 7 “ 4 .82
4189.71 87 “ 4 .8 9 “5 .0 0 “4.62 “ 4 .82 “ 4 .96
4213.5 32 “ 4 .2 4 “ 4 .3 2 “4 .00 “ 4 .15 “ 4 .2 94217.23 49 “ 5 .0 8 “4 .85 “5 .02 “5 .214257.42 53 “ 4 .92 —4 .0 4 “ 4*704259.18 85 —4 .66 “ 4 .7 7 —4.464278.54 71 “4 .7 7 “ 4 .85 “4 .5 44294.43 158 “4 .1 9 —4.31 “4 .89
4391.84 45 “4 .7 5 “ 4 .85 “4 .51 “4 .6 8 “ 4* 824402.86 55" “ 3 .92 “ 4 .02 “ 3 .6 8 “3 .82 “ 3 .9 64463.58 126 “ 4 .18 “ 4*28 “ 3 .8 5 “ 4 .10 “ 4 .284483.42 94 “ 4 .25 “ 4 .33 “ 4 .00 “ 4 .1 7 “ 4 .32
4524.95 207 “ 4 .3 9 “ 4.51 —4 .08 “ 4*31 “ 4 .434656.74 104 “4 .6 8 “ 4 .75 “ 4*38 “ 4 .55 “4 .7 04668.58 116 “ 4 .42 “ 4 .51 “ 4 .12 “ 4*32 “ 4 .48
“ 4 .53 “ 4* 60 “ 4 .27 “ 4 .4 3 “ 4 .5 8
± 0 .35 +0 .3 3 ± 0 .37 ± 0 .3 7 ± 0 .3 730 28 30 19 19
4253.59 28 “ 4 i 82 “ 4 .5 7 “4.82 “ 4 .77 “ 4 .5 0
4284.99 39 “ 4 .1 7 “ 4 .0 4 “ 4 .28 “ 4 .2 4 “ 4 .004340.30 32 “ 3 .85 “ 3 .72 —4.00 “ 3 .92 “ 3 .6 4
4361.53 25 “ 4 .02 “3 .85 “4 .25 “ 4 .0 8 “ 3 .82








° 08 1-0 1‘2 log g 1'4
S I
Tg=14000
1-3 15 17 l o g  g  1-9
Figure 6*7 S E/S E  ionisation equilibria
U =13500
16 log g 18
L  =14000
13 15 17 log g
Figure 6-8 Si E/Si m ionisation equilibria
159
6.5b  S i I l / S i  I I I
Fbr t h is  elem ent two s ta g e s  o f  io n is a t io n  were p r e se n t , and 
models were c a lc u la te d  fo r  a f ix e d  carbon abundance o f  0 .01  by 
number and a m ioroturbulent v e lo c i t y  o f  ^  km /s, as n oted  in  
s e c t io n  6 .5 a . The mioroturbu lence was la t e r  d isco v ered  to  be too  
low and a va lu e  o f  10 km/s more a p p ro p ria te . However, SchOnbemer 
( 1979)' rep orted  th a t a d i f f e r e n t ia l  co rr e c tio n  cou ld  be made by 
adding 400° to  th e tem perature. The l i s t  o f  l in e s  i s  g iven  in  
ta b le  6 .3  to g e th e r  w ith  th e  abundances determ ined from th e curves  
o f  growth fo r  th e g iv en  e f f e c t iv e  tem peratures and lo g  g . F ive  
l in e s  o f  S i I I  and f iv e  l in e s  o f  S i I I I  were u sed , none o f  which 
were s ig n i f i c a n t ly  a f f e c te d  by b len d in g . I t  had been noted  th a t  
th e abundances fo r  the l in e s  o f  S i I I  4128A and 4130A seemed to  
be low er than th e o th e r s , but t h i s  was found to  be a consequence 
o n ly  o f  th e low m icroturbu len t v e lo c i t y  (v^ = 10 km/s i s  shown 
fo r  = 13500°K, lo g  g = 1 .5  in  ta b le  6 . 3 ) .  Hence a l l  th e  l in e s  
were used fo r  th e determ in ation  o f  th e  mean lo g  n . From f ig u r e  6 .8  
i t  was found th a t a t' 13500°K th ere  was agreement a t lo g  g = 1 .42  + 
0 .2  and a t 14000°K fo r  lo g  g = 1 . 9 4  +^0.2.  With th e  d i f f e r e n t ia l  
c o r r e c tio n  fo r  m icroturbulence a p p lied  t h i s  g iv e s  agreement at 
13900°K, lo g  g = 1 .4 2  and a t 14I|00°K, lo g  g = I . 94 .
6 .6  0 I I  l in e s  -  carbon abundance and r o ta t io n a l v e lo c i t y
For th e  carbon abundance a maximum o f  e lev en  l in e s  were 
s u ita b le  in  th e model c a lc u la t io n s ,  although not a l l  the l in e s  
were a v a ila b le  on a l l  th e  m odels. A range o f  models w ith  13000°%
^ T  ^ ÿ  16000°% and 1 .0  ^  lo g  g 2 .0  were used and th e  
m ioroturbulent v e lo c i t y  was e ith e r  5 km/s or 10 km /s. I t  was 
found th a t the abundances were alm ost independent o f  tem perature
Table 6 .3  Abundances determ ined from S i I I  and S i I I I  l in e s
160
h iS.



























“2 .7 7—2 . 80 
- 2.60  










“5 .0 0  
“ 4 .3 0  
“ 4 .23  
“ 4 .3 8  
“ 4 .70  :
lo g  n “ 3 .36 “ 3 * 68 “2 .83 “ 3 .0 8 “ 3 .7 0 “ 4.524 ±0 .4 9 ± 0 .45 ±0 .53 ±0 .51 ±0 .4 2 ± 0 .32
S i I I I 3971.41 96 “ 3 .2 9 - 3 .3 4 “ 3 .2 4 “ 3 .2 7 —3 .38 “3 .7 0
3976.11 114 “3 .40 “ 3 * 44 “ 3 .3 4 “ 3 .42 “ 3 .5 0 “ 3 .894552.62 196 —3*43 “3 .3 9 “ 3 .3 8 —3 .3 8 “3 .46 “ 4 .064567.82 136 “ 3 .7 7 “ 3 .80 “3 .75 “3 .75 —3.80 “ 4 .264574.76 64 “ 4 .10 “ 4 .20 “ 4 .16 —4 .18 “ 4 .1 4 “ 4 .36
lo g  n “3 .6 0 —3.63 “3 .5 7 “ 3 .60 “ 3 .65 “ 4 .05.4 ± 0 .3 3 ±0 .3 6 4-0 .38 ±0 .37 ±0 .32 ±0 .2 7
Tfetble 6 .4  Abundances determ ined from G I I  l in e s
%
C I I
lo g  n
w , 13000: 13500
(mSy 1 .0  . 1 .0  1 .5  1 .5
5 10 5 10
- 1 . 89' - 1 .82  - 2 .03  
“ 1 .6 8  - 1 .59  - 1 .82  
- 1 .66  - 1 .5 4  “ 1 .77
“2 .25  “2 .22  -2 .3 3  “I .72  “1 .62  “ 1.82  
“ 2 .30  - 2 .18  “ 2 .28  
—1.89  —1.82  “ 2 .01  
- 2 .11  “ 1.82  “ 2 .16
14000
1 .5  1 .55 10
io g  n
3876.3 393 “ I .553920.69 545 “1 .2 03980.35 79 “1 . 404267.13 801 “ 2 .1 14313.10 83 “1 .«824318.60 40 “2 .16
4372.49 116 - 1 .62








• 1 .8 0
“ 2.01 
“ 1.68  
“1 .7 7  “2 .19  
“1 * 82 
“2 .3 9  “2 .03  
“ 2 . 22
4-0 . 2 6  4-0 . 2 6  4-0 . 2 2  4-0 . 3 1  4- 0 . 2 5
Hi S ï
over th e range con sid ered  and most dependent on m ioroturhulent 
v e lo c ity *  At a lo g  g  o f  1#5 fo r  v^ = 10 km/s th e  lo g  (ahimdanoe) 
o f  carbon was determ ined as -2 .0 2  i . e .  th e  abundance was 0 .0 1  by 
number (see  ta b le  6 .4 )*  T his va lu e  agrees w ith  th e va lu e  assumed 
fo r  th e model c a lc u la t io n s  made so fa r  and sc  no c o r r e c tio n  i s  
n ecessa ry  fo r  a d if f e r e n t  carbon abundance.
The p r o f i l e s  o f  th e  l in e s  a t 3918A, 3920Â and 4267A can be 
used to  determ ine th e  r o ta t io n a l v e lo c i t y .  T h e o re tic a l p r o f i l e s  
were c a lc u la te d  fo r  0 km /s, 5 km /s, 12 .5  km/s and 20 km /s. The 
observed l in e s  were a l l  s l i g h t l y  deeper than th e  th e o r e t ic a l  
l in e s  due, i t  was su sp ected , to  b len d in g  w ith  o th er  l in e s  ('3918A 
was not used  to  determ ine th e abundance due to  b le n d in g ) . The 
p r o f i le  a t 20 km/s f i t t e d  th e  observed p r o f i l e s  q u ite  w e ll in  th e  
m iddle range o f  th e  l in e  p r o f i l e s .
6 .7  R esu lts
The p a ir s  o f  v a lu e s  o f  T  ^ and lo g  g determ ined from the v a r io u s  
elem ents are shown in  f ig u r e  6 .9* For lo g  g , th e error  was taken  
from th a t determ ined fo r  th e  io n is a t io n  e q u i l ib r ia  and helium  
l i n e s .  For th e tem perature, th e error  was found from the  
co in c id en ce  o f  th e  sulphur io n is a t io n  eq u ilib r iu m  l in e  and the  
helium  p r o f i l e s  l i n e .  The f in a l  param eters fo r  the adopted  
model are
14000°K + 300
logr g = 1 .5  + 0 .2
*He = 0-99  
>^ 0 =
v^ = 10 km/s ±  5 
? ro t = 20 km/s i 20
V) üî
£O  JC s
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6 .8  The ab-undanoe determ in ation
With th e ahove atm ospheric param eters, curves o f  growth were 
generated  fo r  th e  v a r io u s  io n s .  For two abundances, th e eq u iv a len t  
w idths o f  th e  l in e s  o f  each io n  were computed and th e  r e s u lt s  
p lo t te d  as lo g  w/% a g a in st lo g  g f  -  + lo g  n> where ^  i s
th e low er e x c it a t io n  p o t e n t ia l  o f  th e  l in e  and in i s  th e  abundance. |
The o p a c ity  below th e  helium  jump a t 3450A was h igh er  than th a t  
above th e jump and so a d if f e r e n t  curve o f  growth was obta in ed  
fo r  th e se  l i n e s .  For red l in e s  (X  X  $000&), th e o p a c ity  was ^
again  h igh er and th e se  curves o f  growth co in c id ed  w ith  th o se  fo r  
l in e s  b lu er  than 3450Æ (se e  Hunger & Vhn Blerkom, 1967, f ig u r e s  2 
and 7 ) .  The two curves o f  growth prepared fo r  T i I I  are shown in  
f ig u r e  6 .1 0 . The shape o f  a l l  th e curves o f  growth are th e same 
fo r  a l l  io n s  excep t in  th e  reg io n  o f  la r g e s t  eq u iv a len t w idth , 
th e  damping p o r tio n  o f  th e  curve o f  growth which depends on the  
damping param eters used  fo r  th e l i n e s .  For a few e lem en ts , n o ta b ly  
S' I I I  more than two curves o f  growth were req u ired  (se e  f ig u r e  6 .1 1 )
due to  the o p a c ity  changing s ig n i f i c a n t ly  over a sm all change in
w avelength (about 2GOA').
In f ig u re  6 .1 0  th e  sh ou ld er o f  the curve o f  growth i s  marked 
and fo r  each ion  th e  num erical va lu e  o f  t h i s  p o in t on th e  curve 
fo r  l in e s  between 3450A and $000A, i s  g iven  in  ta b le  6 .5* A lso  
g iven  in  ta b le  6 .5  are th e source o f  g f  v a lu e s  u sed , number o f  
l in e s  used  fo r  th e  abundance d eterm ination  and log(abundance) 
w ith  th e standard d e v ia tio n  from th e mean fo r  each elem en t. The
abundances were o r ig in a l ly  found r e la t iv e  to  n^^ = 0 . 99 , but a
con stan t was added to  lo g  n such th a t t l o g  n^^  ^  ^ = 12.15* The 
abundances determ ined by SchOnbemer & Wolf ( l9 7 4 )  and H il l  ( 1965) 
are a lso  g iv e n , th o se  by H i l l  b e in g  ad ju sted  so th a t X lo g
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was 12.15  in s te a d  o f  12.23»
The e x c it a t io n  p o t e n t ia ls  fo r  th e a n a ly s is  came from Moore 
( 1945) except in  th e  case  o f  N I I ,  S i I l / l I X  which came from 
Moore (1975) and Moore ( 1965) resp ectively^ . For hydrogen the  
minimum eq u iv a len t w idth th a t would he d e te c ted  in  th e  sp e c tr a l  
reg io n  o f  th e l in e  was used  to  d ecide a maximum abundance. For 
th e t r a n s it io n  elem en ts th e  recommendations o f  Biémont (1978)' 
were fo llo w ed  fo r  lo g  g f  v a lu e s .
Almost one thousand two hundred l in e s  had eq u iv a len t w idths  
measured from th e  v a r io u s  sp e c tra  a v a ila b le  and o f  th e se  531 
were judged to  be unblended and had a lo g  g f  v a lu e  p u b lish ed .
The l in e s  used  are marked w ith  an a s te r is k  in  the' column o f  
ta b le  5»5" Of 51 l in e s  w ith  s in g le  co lo n s examined fo r  use in  
th e  abundance a n a ly s is  9 were found to  be b len d ed . 39 l in e s  
w ith  double co lo n s  were examined and 13 were found to  be b lended . 
"Dhus i t  would appear th a t a lthough th e  d if fe r e n t  r e s o lu t io n s  o f  
th e spectrographs may have an e f f e c t  on th e b len d in g  o f  the l in e  
and hence i t s  eq u iv a len t w id th , t h i s  cannot ex p la in  a l l  the  
v a r ia t io n s  noted  (se e  a ls o  f ig u r e  5 * 1 3 ). .The v a r ia t io n  does not 
s ig n i f i c a n t ly  a l t e r  th e  abundances, o th erw ise  a l l  th e  l in e s  w ith  
co lo n s  would be r e je c te d  from the a n a ly s is .  The abundances 
found in  t h i s  a n a ly s is  agree w e ll w ith  prev iou s d eterm in ation s  
except fo r  some o f  th e t r a n s it io n  elem ents which w i l l  be a f fe c te d  
s ig n i f i c a n t ly  by th e  lo g  g f  v a lu e s  s e le c te d .  Further d isc u ss io n  
o f  the r e s u l t s  i s  g iven  in  chapter 7»
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Table 6 .5  Abundances determ ined fo r  HD 168476






w<25mA, wOOmA, H€ w <  20mA 
4193. 44, 4242. 47 , 4331. 93 , 4436. 48 , 4739.59 used, lo g  g f  from KP 
3856. 00 , 3862. 60 , 3853. 65 , 4128. 05 , 4075. 45 , 4076.78  used  lo g  g f  fjpom SO
3559. 93 , 4044. 49, 4062.08  used  lo g  g f  from KP 
4230. 98, 4415. 37, 4492. 30 , 4497 .88 'u sed  lo g  g f  from KP 
4350. 83, 4493.53 used  lo g  g f  from WB
GJB -  Green, Johnson & K olchin ( 1966)
KP -  Kurucz & Peytremann (1975)
HAS' -  R oberts, Andersen & S /ren sen  ( l9 7 3 )  
SG ^ Schulz-Gtilde ( 1969)
WB -  Wolnik & B erth e l (1973)
WSGP -  W iese, Smith & Glennon ( 1966)
WSM' -  W iese, Smith & M iles ( I 966)
Ion g f shou ld er no o f s i B i l l S;Ch. N otes 1v a lu e s p t . l in e s = lo g n:
H' I W8CP - 7 .45 3 < 7 .8  + 0 .3 <7 .0
3.
<8 .2 1
Hfe I GJK 7 11. 5: 11 .5 11 .5 'iC I I KP 8 9 .5  + 0 .3 9 .1 9 .6N II KP -1 0 .2 0 38 9 .0  ± 0 .4 8 .3 8 .8 ■0 I W8GP -7*45 8*3 0 .4 < 8 .2 < 8 .4Ù I I WSGÎ -1 1 .3 1 i jNe I WSCP —1 0 #30 8 9 . 4  + 0 .5 9 .0 <Mg' I I WSM - 8.65 16 7 .6  + 0 .3 7 .5 7 .9 2 5A1 I I KP - 9 .47 12 - 4 .Ï I 7 .3  +. 0 .4 6 .1 5 .8 4A1 I I I KP - 11 .16 4 —4 . ^
3 fS i II KP - 8 .90 13 - 3 . # 7 .6  4^ 0 .4 7 .0 7 .4S i I I I KP - 11.50 7 - 3 .91P II WSM - 9 .50 8 6 .4  + 0 .4 6 .0 6 .1 4 iS' I I WSM - 10 .19 53 - 4 . 6I 7 .1  ± 0 .2 6 .7 6 .8 5 4S I I I WSM - 10 .57 5 - 4 . ^ 'Ca II WSM —7 .4 4 4 7.0: + 0 .1 5 .9 6 .5Sc I I KP - 7 .00 7 4 .3  + 0 .3 4 .2 "iTi I I RA8‘ -7?. 00 80 5 .7  ± 0 .4 5 .9 4 .8 & sT II KP - 7 .30 2 4 . 4  4" 0 .1 4 .6Cr II KP - 8 .05 107 6*2 4* 0 .6 5 .1Mn II KP —8 .44 14 6 .2  + 0 .5 4 .5 -5Pe I I KP - 8 .05 112 ~ 4 .0 \ 7 .6  + 0 .4 7 .4 7 .6 ■.HPe I I I KP - 9 .50 13 - 3 . 9JNi I I KP —8 .81 10 6 .5  + 0 .5 5 .3
J
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Unsold (1955, page 416) showed a curve o f  growth d erived  from 
th e  c e n tr a l depth param eter Ry. F ollow ing  a su g g estio n  "by P ro f.
K, Hunger th e  UnsOld techn iq ue was used  in: attem pt to  reduce the  
curves o f  growth to  a s in g le  one fo r  each io n . F igure 6 .12  shows 
a p lo t  o f  lo g  a g a in st  w avelength fo r  th e  deep l in e s  measured 
((see ta b le  6 .6 ) ,  F igu res 6 .1 3  and 6 .1 4  show the new curves o f  
growth fo r  T i I I  and S I I I  ( r e s p e c t iv e ly ) .  U sing t h i s  parameter 
so th a t lo g  w /X 5^  i s  p lo t te d  a g a in st lo g  g f  -  + lo g  n -  lo g
For T i I I  th e  sep a ra tio n  between th e  two curves o f  growth i s  now 
z e r o . For S’ I I I  i t  was found th a t lo g  was not s e n s i t iv e  enough 
to  reduce th e curves to  a s in g le  one. F igure 6 .12  does show that; 
th e c e n tr a l depth below th e  helium  jump at 34504 i s  very  s im ila r  
to  th a t around 5500A.
Another way o f  changing th e  curve o f  growth might be to  
e x p l i c i t l y  in c lu d e  th e  e x c it a t io n  tem perature ra th er  than th e  
e f f e c t iv e  tem perature. An exam ination o f  th e S‘ I I I  l in e s  showed 
th a t th e  depth a t which th e  l in e  cen tre  was formed (and hence th e  
tem perature) depended m ostly  upon th e s tren g th  o f  th e  l in e  and 
i t  was not n o t ic a b ly  dependent on w avelength .
     L: -  ' -  L___— 1___LJ__~ • ■' '.'z ^  V
Tàble 6 .6  C entral depth o f  l in e s  from a l l  a v a ila b le  sp ectra
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X Ion m Rad ESO AAT AAT AAT lo gH- R - R R Rc c c c c
3104 Mg I I 4 0 .4 7 4 - 0 .3 2 43179 Ca I I 4 0 .529 - 0 .2763258 He I H 0.493 - 0 .307
3349 Ti I I 1 0 .482 - 0 .317
3447 He I 7 O .4O6 - 0 .392
3471 He I. 44 0 .4 6 0 —0.3383498 He I 40 0 .521 - 0 .2833587 He ’ I 31 0 .643 - 0 .1923634 He I 28 0 .632 0 .650 0 .557 -0 .2 1 3
3705 He I 25 0 .6 4 4 0 .571 0 .577 —0.2 2 43768 He I 65 0 .5 7 4 0 .4 7 4 0.391 - 0 .3193819 He I 22 0 .746 0 .6 3 9 0 .640 - 0 .1713871 He I 60 0 .680 0 .589 0.559 -0 .2 2 33888 He I 2 0 .7 0 8 0 .550 0 .5 3 4 - 0 .2 2 43933 Ca I I 1 0 .740 0 .650 0.577 0 .5 2 8 0 .5 3 4 - 0 .2183968 Ca I I 1 0 .725 0 .5 9 4 0.595 0 .556 - 0 .2094026 He I 18 0 .7 4 8 0 .615 0 .680 0 .653 - 0 .1714143 He I 53 0 .696 0 .5 3 4 0.641 O.607 -0 .2 0 84267 0 II 6 0 .627 0 .523 - 0 .2404387 He I 51 0 .517 0 .586 0 .549 -0 .2 5 94471 Hé I 14 0 .556 0 .630 0.602 - 0 .2254481 Mg II 4 0 .539 O.6O7 0.613 - 0.232
4549 Pe I I 38 0.343 0 .362 0.405 -0 .4 3 24662 Pe I I 38 0 .262 - 0 .581
4713 He I 12 0 .389 —0.410
5564 S II 6 0.343 - 0 .4655606 8 I I 11 0 .378 - 0 .4235640 S I I 11 0.497 -0 .3 0 35764 He I 13 0 .299 0 .247 -0 .5 6 4
5875 He I 11 0 .502 -0 .2 9 95944 Ne I 1 0 .363 —0,440

















Figure 6-13 Modified curve of growth for Ti E
«■r ... • * *•-    ■*—'- ♦ *
comments as fo r  f ig u r e  6 .1 0
.'I'l log gf-9gX+log n -  logR,
log_w -’i
I
Figure 6-14 Modified curvejof growth for S ET
. comments as fo r  f ig u r e  6 .1 1
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7 PlSGUSmON: ATO CONCLUSIONS
1
7 .1  V a r ia b il i ty
In chapter 2 i t  was found, th a t HD 168476 was v a r ia b le  in  
magnitude and probably in  c o lo u r s , w ith  th e v a r ia t io n  n o tio a M e  
over a few days. The d i f f e r e n t ia l  *b* magnitudes and the normality? 
o f  th e  v a r ia n c e s , shown by B a r t le t t ' s  s t a t i s t i c ,  in d ic a te d  th ere  
was no v a r ia b i l i t y  on a t im e -sc a le  o f  a few h ou rs. .The r a d ia l  
v e l o c i t i e s  in  ch ap ter 3 again  su ggested  th a t th ere  was v a r ia t io n  
on a t im e -sc a le  o f  days, as w e ll as v a r ia t io n  over a lon g er  p e r io d . 
Figure 7*1 shows th e  mean W magnitude and mean r a d ia l v e lo c ity '
(b oth  w ith  standard d e v ia t io n )  fo r  th ose  yea rs  with, measurements 
made o f  both q u a n t it ie s .  A lso in c lu d ed , w ith  no erro r  b a rs , are 
th e photom etric measurements in  o th er  y e a r s . Shown in  f ig u r e  7 .2  
are th e  measurements made in  one y ea r , 1976. Over many years no 
r e a l  c o r r e la t io n  can be seen  between th e  r a d ia l v e lo c i t y  and the  
photom etric magnitude v a r ia t io n . There does appear to  be a tren d  
fo r  th e  photom etric m agnitudes and r a d ia l v e l o c i t i e s  to  fo llo w  
each o th er  over a few d ays. However, t h i s  must be checked w ith  
more data to  a s c e r ta in  i f  t h i s  i s  g e n e ra lly  th e  c a se .
Lucy (1976) in  h is  study o f  th e  r a d ia l v e lo c i t y  o f  ^  Cygni 
used a form ula
4TTo,
where c^ i s  th e v e lo c i t y  o f  sound
^  i s  th e r a t io  o f  s p e c i f ic  h ea ts
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Figure 7-2 V ariations in radial velocity & m agnitude in 1976
173
fo r  th e  c r i t i c a l  p er io d  (Eantb, 1945) "below which stan d in g  
atm ospheric o s c i l l a t i o n s  are im p ossib le  in  an iso th erm al atmosphere
However, o / TaT' ® J  4,
where A i s  a con stan t
f  = 5 /3  (Carson,. 1976)
For HH) 168476 = 1400a°K, lo g  g' = I .5
= 1 .6 9  days
By comparison fo r  BjDH-13^3224 an e stim a te  o f  th e  tem perature and 
g r a v ity  was provided by K ilkenny (1979) from fo u r-co lo u r  photometry^
For BB>H3°3224 3300oPk, lo g  g ## 3 .3  =» l , a  hours
oThe c r i t i c a l  p er iod  fo r  BD+13 3224 i s  l e s s  than th e  a c tu a l p er iod  
found, 2j- hours, a lthough th e  tem perature and su rface  g r a v ity  
must be tr e a te d  w ith  s u s p ic io n . Lucy makes an in t e r e s t in g  note  
th a t any o s c i l l a t io n  l e s s  than th e  c r i t i c a l  p eriod  would not be 
a s t ^ d in g  o s c i l l a t io n  but a t r a v e l l in g  wave, which would not 
a f f e c t  th e  r a d ia l v e lo c i t y ,  but would be d e te c ted  as raicroturbulence. 
The m icroturbulent v e lo c i t y  fo r  HD 168476, as lioted  in  chapter 6 , 
i s  h igh  at 10 km /s.
HD 168476, sh ares s e v e r a l p r o p e r tie s  w ith  the A C ephei-type
\
v a r ia b le s  (se e  Cox, 1 9 7 4 )« I t  has sm all am plitude l ig h t  v a r ia t io n ,  
r a d ia l v e lo c i t y  v a r ia t io n , m u ltip le  p er iod s and sm all r o ta t io n a l  
v e lo c i t y  as do th e  f i  Cephei s t a r s .  S to th ers  & Simon' (1969) 
ex p la in  th e v a r ia b i l i t y  by e n r ich in g  th e ou ter  la y e r s  o f  th e  fSi 
Cephei s ta r  w ith  helium  by mass tr a n s fe r  from a b in ary  component,
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which h e lp s  to  cause n u c le a r -e n e rg ise d  p u lsa t io n a l i n s t a b i l i t y .
The enrichment o f  helium  i s  extrem e, models w ith  th e  mass fr a c t io n  
o f  hydrogen in  th e  la y e r  equal to  zero are computed. Although th e  
extreme h e liu m -r ich  s ta r s  are c o o le r  and l e s s  m assive than  
Cephei s t a r s ,  th e o r ie s  which ex p la in  th e  0  Cephei type o f  
v a r ia b i l i t y  may be u s e fu l  fo r  extreme h e liu m -r ich  s t a r s .  As 
m entioned in  ch ap ter 1 , Weed (1976) made l in e a r  a d ia b a tic  and 
n o n -a d ia b a tio  r a d ia l p u lsa t io n  c a lc u la t io n s .  The model produced 
fo r  HD 168476 (s e e  chapter 6c) shows th a t th e  s ta r  w i l l  be ju st  
in s id e  the boundaries fo r  s ta b le  p u lsa t io n  in  th e  fundamental and 
overtone mode. Wood a ls o  d id  some n o n -lin ea r  c a lc u la t io n s  which 
r e s u lte d  in  v a ry in g  by one magnitude and th e  r a d ia l v e lo c i t y
by 20 km /s. In HD I 68476 th e  v a r ia t io n  in  magnitude i s  l e s s  
extreme than t h a t .
Of th e  known extreme h e liu m -r ich  s t a r s ,  i t  has been e s ta b lis h e d  
th a t seven o f  them (in c lu d in g  MW S gr. and W348 Sgr,)"  ^ are v a r ia b le  
in  some way. Only fo r  ED+13°3224 has a p er iod  been found, and th a t  
i s  very  sh o r t, i . e .  0 .1  days (L and olt, 1 9 7 5 )» I t  appears c e r ta in  
(Walker & K ilkenny, 1979) th a t  HD 168476 and HD I 6O641 (a lso  
L andolt, 1973) are v a r ia b le  in  a complex way. HD 124448 i s  probably  
v a r ia b le  ( e .g .  Walker &. K ilkenny, 1979) and a lso  BD+10°2179 
(L an d olt, 1 9 7 3 ). The v a r ie t y  in  th e type o f  v a r ia t io n  in  th e  I
extreme h e liu m -r ich  s ta r s  does su ggest th a t th ere  may not be a ?
g r o u p -c h a r a c te r is t ic  v a r ia b i l i t y ,  but th a t the v a r ia b i l i t y  i s  a 
c h a r a c t e r is t ic  o f  th e in d iv id u a l s ta r  or the p r e c is e  p o s it io n  in  
i t s  e v o lu t io n . E v en tu a lly  i t  may be th a t th e spectrum l in e s  
th em selves ( e .g .  f ig u r e  5*13) w i l l  g iv e  th e  most in form ation  
about th e nature o f  the v a r ia b i l i t y ,  and th e  spectrum as w e ll as 
th e magnitude should  be c lo s e ly  s tu d ied  to  see  i f  any p e r io d ic ity
175
i s  d i s p l a y e d .
7 .2  D i s t a n c e  and  s p a c e  m o tio n
S c h O n b e m e r  (1 9 7 7 )  shows t h a t  t h e  e x tre m e  h e l i u m - r i c h  s t a r s
h av e  m asse s  b e tw e e n  0.7M^ an d  l .O M ^, w i t h  l o g  from  4*1 t o
4 . 6 .  F i g u r e  7*3 shows t h e  p o s i t i o n  o f  HD 168476 on t h e  l o g  
l o g  g  d ia g r a m .  U s in g  f o rm u la e  an d  d a t a  from  Lang (1 9 7 4 )
lo g  L/j, = 0 .4  (Mg - 
= 4 . 7 2
fo r  HD 168476 lo g  L/ = 4 . 1 , M = O.7M i s  usedo
= - 5 . 5 ,  My = - 4 . 5
Also 51og r  = m -M  + 5 ”- H x  E(B-V)
t a k i n g  R = Ay = 3 .2  ( S c h m i d t - K a l e r ,  I 9 6 7 ) 
e ( b - w )
fo r  HD 168476 E(B-V) = 0 .1 5  (see  ta b le  7 .1 )
r = 4*6 kpc
L = R^ X T0^
L R^ f|i4® © e ©
= 5784°K
e "" 14000°K
R = I 9R©
L y n a s -O ra y ,  W alk e r  & H i l l  (1 9 7 9 )  o b t a i n e d  a  v a l u e  o f  37R^ f o r  t h e  
r a d i u s  o f  HD I 68476 u s i n g  v a l u e s  o f  a n d  lo g  g  b y  S c h B n b e m e r  & 
W olf ( 1974) and M = IM^.
T a b le  7 .1  shows t h e  summary o f  d a t a  f o r  HD I 68476 d e t e r m i n e d  
f rom  t h i s  t h e s i s  a n d  from  o t h e r  s o u r c e s  n o t e d  i n  t h e  t a b l e .
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T ab le  7 .1  D a ta  f o r  HD 168476
A lso  c a l l e d  SAO 245 434 S p e c t r a l  t y p e  B5p
0PD-56°8755
my = 9 .30  + 0 .02  My = -4 .5
18^ 21 "^ 07^25 ^ /Uji= - 0 Î 0 0 0 4  + 0 .000$ ^
& = - 56°  38* 34 'Jo = o"oo8 + 0 .0 0 7  ^
1 = 338°  r . v .  = - 1 7 0 .9  ±  0 . 7  ( s . e . )
b = - 19°
(U-B) = - 0 .6 9  + 0 .0 2  ^  (U-B)^ = - 0 . 7 7  °
(B-V) = - 0 . 0 1  + 0 .0 1  ^ (B-V)^ = - 0 . 1 6  °
B.C. = - 1 . 0 1  °
c( u - b )  = 0 .3 9 6  + 0 .0 1 0  ( u - b ) ^  = 0 .3 3 5
(b~ y )  = 0 .0 4 3  + .0 .0 1 0  ( b - y ) ^  = -O .O 48 '
c„ = 0 .1 8 8  c = 0 .2 5 0  °1 o
m^  = O.O6I  m = 0 .0 9 1  °1 o
T^ = 1 4 0 0 0 °% + 3 0 0 ' = 0 .9 9
l o g  g  = 1 . 5 + 0 . 2  = 0 . 0 1 2% ;oo5
= 10 km /s  + 5 ^ I 'o t  ~ 1cm/s + 20
M 0 . 7  M l o g  l / L ^  ^  4 .1
S' ''Z 19 Rq r  .k# 4 .6  kpc
N o te s  ! -  a  SAO S t a r  C a t a l o g  ( I 9 6 6 )
b H i l l  ( 1969a )  
c S c h O n b e rn e r  ( l 9 7 9 )
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The s p a c e  m o t io n  o f  HD I 68476 was f o u n d  u s i n g  a  p ro g ram  
w r i t t e n  by  K i lk e n n y  ( 1 9 7 3 ) .  T h i s  c o r r e c t e d  t h e  r a d i a l  v e l o c i t y  
f o r  t h e  s o l a r  m o t io n  r e l a t i v e  t o  t h e  l o c a l  s t a n d a r d  o f  r e s t  and  
d i f f e r e n t i a l  g a l a c t i c  r o t a t i o n .  The p ro g ra m  u s e d  t h e  S c h m id t - K a le r  
( 1 9 6 7 ) m o d i f i c a t i o n  o f  t h e  F e a s t  & S h u t t l e w o r t h  ( 1 9 6 5 ) r o t a t i o n  
c u r v e ,  w i t h  R = 3 * 2 ,  Lang (1 9 7 4 )  g i v e s  t h e  c o r r e c t i o n  t o  t h e  
r a d i a l  v e l o c i t y  f o r  t h e  s o l a r  m o t io n  r e l a t i v e  t o  t h e  l o c a l  s t a n d a r d  
o f  r e s t  a s  s -
= 1 9 » 5 (o o s  c o s  c o s  e i c o s ^  + s in j» ^  cos<^^ sin^< c o s i f  +
+ s i n  s in < f  ) km /s
w here  a r e  t h e  c o - o r d i n a t e s  f o r  t h e  s o l a r  a p e x .  The p r o p e r
m o t io n s  w ere  c o n v e r t e d  t o  km /s  u s i n g  ( s e e  f o r  exam ple  L ang, 1974)
T' = 4 .7 4  ^  r  km /s
The v a l u e s  o f  T ^  , T |  , w ere  c o n v e r t e d  t o  u ,  v ,  w u s i n g  t h e  
r i g h t  a s c e n s i o n  a n d  d e c l i n a t i o n  o f  t h e  s t a r ,  t h e  c o - o r d i n a t e s  o f  
t h e  n o r t h  g a l a c t i c  p o l e  and  t h e  a s c e n d i n g  node o f  t h e  g a l a c t i c  
p l a n e  on t h e  c e l e s t i a l  e q u a t o r  ( s e e  H i l l ,  1969b ) ,  The p rog ram  
a l s o  c a l c u l a t e d  t h e  g a l a c t i c  c o - o r d i n a t e s  ( l , b )  an d  t h e  
g a l a c t o c e n t r i c  d i s t a n c e ,
G a l a c t o c e n t r i c  d i s t a n c e  = 5 ,2  kpc
w i t h  r a d .  v e l ,  = - 1 7 0 .9  km /s ( s e e  t a b l e  3*7)
-OVOO6 ±  0V008'
0V008 + oyoo7j 
My = -4 * 5
(sag s ta r  C atalog, I 966)
1- ■ : -■ . ________: . .  ■_ i- _ .  -t:'C:'L-.L f
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u = +14 km /s, V = +160 krn/s, w = +230 km/s
space motion = 28l  km/s
Since the proper motions are very  un certa in  the program a lso  
c a lcu la te d  the space motion w ith  zero proper m otions.
I f  OyO, 0V"0
u = -104 km /s, V = +42 km/s, w = +39 km/s
space motion = l l8  km/s
I f  the proper motionê can be regarded as n e g lig ib le  the space 
motion o f  the s ta r  i s  not ex ce p tio n a l. The c a lc u la t io n s  o f Perek 
( 1958) assumed the s ta r  was at a maximum d ista n ce  o f  2 kpc, and 
t h is  now seems to  be an underestim ate, so th a t i t  i s  more l ik e ly  
th a t the s ta r  i s  in  a c lo sed  g a la c t ic  o r b i t .
7 .3  E volution
The abundances determined fo r  HD I 68476 are compared ( in  ta b le  
7 . 2 ) w ith  those o f  o th er extreme heliu m -rich  s ta r s , R' CrB s ta r s  
and normal B s t a r s .  The abundances fo r  the R CrB s ta r s  are taken
from Schdnbemer (1975)> the B s ta r s  from Scholz (1972) and the
tr a n s it io n  elem ent abundances fo r  the sun from Biémont ( 1978) .
HD: 124448 and BD+10°2179 have abundances noted in  Schbnberner &
Wolf ( 1974) ,  BD-9°4395 in. Kaufmann & Schdnberner ( l9 7 7 ) and 
HD 160641 from H il l  ( 1965) ,  the la t t e r  b ein g  a coarse a n a ly s is .
For BD+10°2179 the temperature quoted i s  taken from Bohdnbemer & 
Hunger (19 7 8 ). HD I 68476 i s  seen to  belong to  the main group o f  
extreme h eliu m -rich  s ta r s  w ith  overabundance in  carbon and n itro g en , 
and underabundance in  oxygen. HD 168476, in  common w ith  HD 160641
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Table 7>2 Alaimdances fo r  extrem e h e liu m -r ich  s ta r s  and r e la te d  
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appears to  be overabundant in  neon, although th e  l a t t e r  s ta r  has 
a normal oxygen abundance, and so may not be ty p ic a l  o f  th e  group. 
BDHtlO°21Y9 appears (from v is u a l  sp e c tra ) to  be e x c e p t io n a lly  
overabundant in  carbon. In th e  u l t r a v io le t  (SchOnbemer & Hunger, 
1978) ,  a model w ith  n^ = 0 .0 1  was used  fo r  th e  C I I  p r o f i l e  at 
I 335A, a va lu e  u sed  in  f in e  a n a ly sés  o f  o th er  extreme h e liu m -r ich  
s t a r s .  That paper showed th e  lo g  T  ^ -  lo g  g diagram reproduced  
in  f ig u r e  7*3» which in c lu d e s  th e  p o s it io n  o f  HD 168476. For 
i n t e r e s t ,  th e p o s it io n  o f  BDrfl3°3224 i s  shown, u s in g  th e  v a lu es  
o f  tem perature and su r fa ce  g r a v ity  quoted in  s e c t io n  7*1 • The 
p o s it io n  o f  HD 168476 on th e  lo g  T  ^ -  lo g  g diagram i s  e n t ir e ly  
c o n s is te n t  w ith  th e  th eory  o f  SchOnbemer (1977 ) # The s ta r  
appears to  occupy a p o s it io n  between th e  h o t te r  h e liu m -r ich  
s ta r s  and th e Hi CrB s t a r s ,  but th e  abundances determ ined ( e s p e c ia l ly  
carbon) show th a t i t  i s  s o l e l y  a member o f  th e extreme h e liu m -r ich  
s t a r s .
As can be seen  from ta b le  7*2 th e  R' CrB s ta r s  are more 
abundant in  carbon than th e extreme h e liu m -r ich  s t a r s ,  su g g estin g  
th a t th e  R CrB s ta r s  w i l l  lo s e  t h i s  e x ce ss  b efore  or w h ile  
becoming extreme h e liu m -r ich  s t a r s .  Warner ( 1967) among o th ers  
comments upon th e  e j e c t io n  o f  carbon from th e  atm ospheres o f  R' CrB 
s t a r s .  The sh ort l i f e t im e s  m entioned, of. around a thousand years  
(D in ger, 1972; SchOnbemer, 1 9 7 7 ), would ex p la in  why so few  
extreme h e liu m -r ich  s ta r s  are seen . SchOnbemer (1977) c a lc u la te d  
th e  changes in  co lo u r  and magnitude to  be exp ected  from t h i s  
quick  e v o lu t io n , but th ey  are not la rg e  enough to  ex p la in  th e  
observed v a r ia b i l i t y .  I t  may be th a t any i n s t a b i l i t i e s  d evelop in g  
in  the s ta r  cou ld  t r ig g e r  th e  observed v a r ia b i l i t y  and h elp  the  
enhancement o f  carbon, n itro g en  and neon by m ixing m a ter ia l from
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d i f f é r e n t  l e v e l s  i n  t h e  a tm o s p h e r e .
S in c e  D r i l l i n g  ( 1 9 7 3 ,1 9 7 8 ,1 9 7 9 )  h a s  a d d e d  f o u r  s t a r s  t o  t h e  
l i s t  o f  e x tre m e  h e l i u r n - r i o h  s t a r s ,  t h e  s p a c e  d e n s i t y  an d  b i r t h - r a t e  
o f  e x tre m e  h e l i u m - r i c h  s t a r s  were r e c a l c u l a t e d  f o l l o w i n g  Hunger 
( 1 9 7 5 ) and  S c h O n b e rn e r  (1 9 7 7 )*  A l u m i n o s i t y  o f  l o g  h /L ^  = 4*1 
was u s e d  f o r  a l l  s t a r s ,  and  t h i s  gave  much l a r g e r  d i s t a n c e s  f o r  t h e  
s t a r s ,  r e d u c i n g  t h e  s p a c e  d e n s i t y ,
gdking = - 5 ,5
51og  r = m - M + 9 -  3 ,2  X  E(B-V) a s  b e f o r e  
z = r  X s i n  b
N = 12 2 . 3  kpc
^ r ) =  6 , 4  kpc
<b)= 25°
n  = ________ N   ( s e e  H unger ,  1975)
tX ( ^ r ) c o s ^ b )  ) ^ 2 (z }
= 8 .5 X 10~11 pc"*^
B i r t h - r a t e  = 3 , 4  x pc  ^ y r  ^
As c a n  be  s e e n  t h e  l a r g e r  v a l u e  f o r  ^ r )  r e s u l t s  i n  a  b i r t h - r a t e  
much lo w e r  t h a n  t h a t  o f  6 x  10 pc  ^ y r  ^ f o r  DB w h i t e  d w a r f s ,  
q u o t e d  by  S c h O n b e rn e r  (1 9 7 7 )*  T h e re  w i l l  be l a r g e  e r r o r s  i n  t h i s  
f i g u r e  s i n c e  M^. i s  r a t h e r  u n c e r t a i n  and  h a s  a  l a r g e  e f f e c t  on t h e  
s p a c e  d e n s i t y .  B e a r in g  i n  m ind t h a t  o t h e r  t y p e s  o f  s t a r s  su c h  a s  
W o lf -R a y e t  s t a r s  a r e  r i c h  i n  h e l iu m  (S m i th ,  1 9 7 3 ) ,  i t  may n o t  be  
s u p r i s i n g  t o  f i n d  t h a t  e x t r e m e  h e l i u m - r i c h  s t a r s  w ere  n o t  t h e  o n ly  
s o u r c e  o f  h e l i u m - r i c h  w h i t e  d w a r f s ,
The l a r g e  r a d i u s  o f  t h e  s t a r  s u g g e s t s  t h a t  i t  may h av e  a  c o o l
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ou ter  s h e l l  ( l e s s  than about 700°K, F east & G lass, 1 9 7 3 ), as  
in d ic a te d  from th e u l t r a v io le t  l in e s  due to  n eu tra l atoms# The 
u lt r a v io le t  l in e s  might be exp ected  to  show ev idence o f  mass lo s s  
or mass motion i f  th ere  i s  any p r e se n t , but no l in e  s h i f t s  or 
asym m etries were noted# Lynas-Gray, Walker & H i l l  (1979) rep orted  
an upper l im it  to  th e  mass lo s s  ra te  o f  around 10 yr
T his i s  in  agreement w ith  SohOnbemer & Htinger (1978) who found 
th a t BD>-9°4395 and BD+10°2179 showed no evidence o f  mass lo s s  in  
t h e ir  u l t r a v io le t  sp ectra#  For HD 168476 Bynas-Gray e t  a l .  ( 1979a) 
used Mg i r  and C I I  resonance l in e s  in  th e  c a lc u la t io n s  which 
may have stron g  p h otosp h eric  c o n tr ib u tio n s  s in c e  Mg I I  and C I I  
are stro n g  in  th e v i s i b l e  spectrum , so th a t th ey  may not be . 
r e l ia b le  mass lo s s  in d ic a to r s#
The observed in t e r s t e l l a r  abundances d er ived  from th e  
u lt r a v io le t  spectrum (se e  ch ap ter 4) may be ev idence o f  mass lo s s  
in  the f a i r l y  recen t past# I t  may be th a t any mass lo s s  or mass 
m otion i s  lin k e d  w ith  th e  s t a r ' s  v a r ia b i l i t y  and so th a t on ly  a t  
c e r ta in  phases w i l l  any mass ' le a k ' from the star#  T his may 
perhaps show as th e  v a r ia b le  l in e  p r o f i l e s  seen  in  the v i s ib l e  
spectrum# The exposure tim e fo r  th e  u l t r a v io le t  spectrum o f  
HD 168476 i s  much to o  lo n g  fo r  th a t  type o f  v a r ia b i l i t y  to  be 
seen# The v a r ia b i l i t y  n oted  may be the resid u e  o f  an in s t a b i l i t y  
in  th e s ta r  th a t  caused i t  o r ig in a l ly  to  lo s e  i t s  hydrogen 
en v e lo p e , or s ta r te d  m assive con vection  cu rren ts  th a t thoroughly  
mixed th e  hydrogen in  th e s t e l l a r  atmosphere to  the reg io n  where 
i t  would be con verted  to  h eliu m .
As mentioned in  chapter 1 SchOnbemer & Hunger (1978) su ggest  
th a t an extreme h e liu m -r ich  s ta r  cou ld  be the rem ainder o f  a 
b in ary system  in  which one component blew up as a supernova. This
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th ey  n o ted , would e x p la in  th e h igh  r a d ia l v e lo c i t y  seen  in  se v e r a l  
o f  th e  extreme h e liu m -r ich  s t a r s .  The supernova would a lso  
e x p la in  the lo s s  o f  th e  hydrogen envelope which would he blown 
away in  th e e x p lo s io n  le a v in g  a helium  core behind .
7*4 S u ggestion s fo r  fu tu re  work
The u l t r a v io le t  spectrum o f  HD I 68476 and th e  o th er  extreme 
h e liu m -r ich  s ta r s  i s  most im portant. The study o f  HD I 68476 has 
shown th a t s t e l l a r  and in t e r s t e l l a r  components o f  l in e s  can be 
r e so lv e d  in  the case  o f  h ig h -v e lo c ity  extreme h e liu m -r ich  s t a r s ,  
so th a t i t  w i l l  be p o s s ib le  to  f in d  accu rate in t e r s t e l l a r  abundances 
and s t e l l a r  abundances. I t  may be p o s s ib le  to  examine th e  
hydrogen abundance and search  fo r  a c o o l s h e l l  n ea r  HD: 168476 
u s in g  th e  21cm l i n e .  The la c k  o f  in t e r s t e l l a r  hydrogen 
enrichm ent might su g g est th a t  th e  supernova th eory  was c o r r e c t ,  
w ith  a l l  th e hydrogen b e in g  p ro cessed  to  h ea v ier  elem en ts and 
removed from th e v i c i n i t y  o f  the rem aining s t a r .  I f  th e  hydrogen 
was lo s t  from th e  envelope o f  th e  h e liu m -r ich  s ta r  in  a non­
v io le n t  manner, i t  should  en r ich  th e  in t e r s t e l l a r  medium near th e  
s t a r s .  When la r g e r  t e le s c o p e s  are put in to  space i t  raaÿ be 
p o s s ib le  to  search  fo r  sh ort p er iod  v a r ia t io n s  in  th e  u l t r a v io le t  
sp ec tra  o f  extreme h e liu m -r ich  s ta r s  in d ic a t in g  mass lo s s  from th e  
system  or mass m otion in  th e  atmosphere a t c e r ta in  p h ases. Space 
t e le s c o p e s ,  such as th e  planned a stro m etr ic  t e le s c o p e , may a lso  
provide b e t t e r  proper m otions fo r  th e  s ta r s  so th a t t h e ir  
movements in  space can be b e t t e r  determ ined.
New t e c h n i q u e s  a r e  now a v a i l a b l e  f o r  t h e  s t u d y  o f  v a r i a b i l i t y  
i n  s t a r s .  The U n i v e r s i t y  o f  Cape Tovm h i g h - s p e e d  p h o t o m e t e r  w i l l  
b e  a  m ost  u s e f u l  t o o l  f o r  t h e  i n v e s t i g a t i o n  o f  r a p i d  v a r i a t i o n s
'4 -
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(( f lic k e r in g )  in  extreme h e liu m -r ich  s t a r s .  The r a d ia l v e lo c i t y  
can he more a c cu ra te ly  s tu d ied  u s in g  Dr. L. B alon a's 'sp eed om eter', 
in  which a mask i s  made o f  th e  s t e l l a r  spectrum and used  to  
determ ine sm all changes in  th e  r a d ia l v e lo c i t y .  I f  th ere  were 
instrum ents o f  th e  accuracy and r e l i a b i l i t y  o f  th e  R a d o liffe  
tw o-prism  spectrograph a v a ila b le  on la r g e r  te le s c o p e s  i t  would be 
p o s s ib le  to  o b ta in  a com plete study o f  th e  r a d ia l v e l o c i t i e s  o f  
the extreme h e liu m -r ich  s t a r s .  Even w ith  th e p resen t tech n iq u es, 
used in  t h i s  t h e s i s ,  more d ata  w i l l  y i e ld  more r e s u l t s .
Further o b serv a tio n s  o f  HD 168476 may c la r i f y  th e problem o f  
v a r ia b i l i t y  in  th e  s t a r .  I t  i s  im portant to  d isc o v er  whether th e  
photm etric changes are in  phase w ith  th e  r a d ia l v e lo c i t y  v a r ia t io n s ,  
and how th ey  r e la t e  to  th e observed s p e c tr a l l in e  changes.
However, the o th er  extreme h e liu m -r ich  s ta r s  must a ls o  be 
c a r e fu lly  in v e s t ig a te d . S evera l o f  th e extreme h e liu m -r ich  s ta r s  
have not y e t  been in v e s t ig a te d  fo r  v a r ia b i l i t y  ( e .g .  ED-1°3438) #'j
and i t  must be e s ta b lis h e d  i f  a l l  th e extreme h e liu m -r ich  s ta r s  M
are v a r ia b le  and in  what manner, as t h i s  may g iv e  a c lu e  to  t h e ir  
e v o lu t io n . The o b serv a tio n s  o f  HD 168476 confirm  Wood's (1976) %
th eory  th a t the s ta r  should  be v a r ia b le . I t  i s  im portant to  
lo o k  a t o th er  extrem e h e liu m -r ich  s t a r s ,  e s p e c ia l ly  th o se  c o o le r  
than HD I 68476 to  see  i f  th ey  show any ev idence o f  v a r ia t io n  in  1I
th e  fundamental mode.
One o f  th e  most im portant o b je c ts  i s  p o s s ib ly  MV S g r .,  a hot 
H CrB s t a r ,  a ls o  c la s s e d  as an extreme h e liu m -r ich  s t a r .  This 
w i l l  g iv e  us much v a lu a b le  in form ation  about both  groups o f  
s ta r s  and p o s s ib ly  c la r i f y  th e  r e la t io n s h ip  between them. There 
may be ev id en ce here to  c la r i f y  th e problem o f  the lo s s  o f  the  
hydrogen en v e lo p e , and th e lo s s  o f  carbon by th e R CrB s t a r s .
1
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A lso im portant are th e  two new A s ta r s  d isco v ered  hy D r i l l in g  
( 1979)> LSTV-14°109 and B D +l°438l, These s ta r s  may he very  c lo se  
to  th e R'. CrB reg io n  o f  th e  lo g  -  lo g  g diagram, and the HdC 
s ta r s  d escr ib ed  by Warner ( 1967)* They may be found to  be c lo se  
b in a r ie s  l ik e  1) Sgr# and HD 30353*
Future a n a ly se s  may improve on th e  r e s u l t s  obta in ed  in  t h i s  
th e s is *  Table 7*1 and th e form ulae fo r  reddening shown in  s e c t io n  
2 .6  show th a t th ere  i s  not com plete agreement between observed  
and c a lc u la te d  reddening in  th e  *uvby* photometry in  a l l  c a se s ,  
most n o t ic a b ly  in  c^ . I t  i s  now in c r e a s in g ly  p o s s ib le  to  in c lu d e  
non-LTE c a lc u la t io n s  in  model c a lc u la t io n s .  T his w i l l  mean th a t  
s ta r s  such as HD I 6O64I and BD+13^3224 can be com p lete ly  a n a lysed . 
Although non-LTE e f f e c t s  w i l l  not be a s e r io u s  problem in  th e  
c o o le r  members, such as HD 168476, i t  would be in t e r e s t in g  to  
know i f  any non-LTE e f f e c t  was o b serv a b le . M ihalas e t  a l .  ('1974» 
1975) have produced an improved broadening th eo r y , fo r  th e s tro n g  
He I  l in e s  at 4471A (w ith  i t s  forbidden component a t 4469A), and 
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